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INTRODUCTION 

The  MOE  Long  Range  Transport  and  Mesoscale  Model  Design  components 
carried  out  by  MEP  included  the  overall  Model  Operating  System  and 
the  Wind  Field  Model.  This  report  presents  the  design  framework 
for  these  components,  and  provides  details  for  the  principal 
procedures  and  system  programs  which  will  need  to  be  developed  and 
implemented  on  the  MOE  computer. 

Section  1  details  the  Model  Operating  System  and  the  data  base 
structure.  Anticipated  data  requirements  are   discussed,  and  data 
analysis  and  gridding  procedures  defined. 

Section  2  presents  the  results  of  a  review  of  current  wind  field 
procedures  used  for  long-range  transport  modeling. 

Section  3  details  the  approach  adopted  for  the  Wind  Field  Model 
and  the  procedures  which  will  be  required  for  an  operational 
Wi  nd  Field  Model . 
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1.        MODEL  OPERATING  SYSTEM 

The  development  and  operation  of  the  proposed  long-range  and 
mesoscale  transport  models  will  require  the  capability  of 
assembling  and  maintaining  a  large  number  of  diverse  data  sets 
which  are  required  for  driving  the  models,  as  well  as  maintaining 
control  over  the  large  number  of  model  output  files  generated 
in  the  modeling  process. 

in  order  to  provide  the  required  facilities  in  a  form  which  would 
allow  a  non-specialist  user  to  carry  out  routine  modeling,  a 
comprehensive  operating  system  has  been  designed.  The  system  will 
provide  a  controlled  user  environment  which  will  allow  the  user  to: 

•  archive  all  pertinent  data  sets  and  retrieve  selected 
data  as  requi  red 

•  produce  gridded  fields  for  model  input 

•  set-up  and  monitor  a  model  run 

•  analyze  and  display  model  output  results 

•  assemble  and  maintain  the  various  models  which 
form  part  of  the  system 
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The  objective  of  this  section  is  to  outline  the  proposed  system 
structure  and  facilities  and  discuss  the  implementation 
requirements.  In  addition  to  the  system  level  detail,  some  of  the 
data  gridding  functions  are  described  at  the  procedure  level  in 
Section  1.5  .  The  wind  field  model  is  described  in  depth  in 
Sections  2  and  3  • 
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1 . 1       Scope  of  System 

The  Model  Operating  Environment  is  configured  as  a  system  which 
allows  the  non-specialist  user  to  define  his  modeling  requirements 
interactively  and  provides  the  environment  for  assembling  the 
necessary  model  input  data,  initiating  and  monitoring  the  model 
run,  and  analyzing  and  displaying  the  model  results.  The 
implementation  of  this  system  will  provide  a  number  of  advantages: 

a)  the  data  management  components  of  the  system  facilitate 
the  archiving  and  data  preparation  functions  for  the 
large  amount  of  data  of  various  types  required  in 
long-range  transport  models, 

b)  the  system  facilities  for  labelling,  archiving,  and 
retrieving  results  out  of  model  runs  can  save  a 
great  deal  of  time,  as  well  as  eliminating  data 
losses  which  necessitate  costly  reruns, 

c)  the  data  management  and  supervisory  facilities  allow 
for  efficient  set-up  and  execution  of  model  runs 
with  minimum  involvement  by  scientific  and  modeling 

staff, 


I 


d)   the  system  is  Ideal  for  the  developmental  stage  of 
advanced  models,  since  it  provides  the  facilities 
necessary  to  test  modifications  in  an  efficient 
and  systematic  fashion. 

The  system  structure  is  fully  modular,  allowing  direct  updating 
of  modeling  capabilities  in  the  future,  as  new  information  warrants 
replacement  of  existing  model  components.  This  ensures  that  the 
overall  model  system  with  all  sub-systems  can  be  preserved  through 
all  modifications,  and  that  future  models  can  be  accommodated  within 
the  existing  system. 

In  order  to  accomplish  the  modularity  and  i nterchangeabi 1 i ty  objectives, 
the  system  incorporates  standardized  procedures  and  modules  wherever 
practical.  Similarly,  an  integrated  nomenclature  for  procedures  and 
data  files  is  adopted  to  facilitate  integration  of  the  system,  as 
well  as  future  modifications  to  the  system. 

The  interactive  specification  of  modeling  and  data  requirements  is 
integral  to  the  system,  and  allows  the  system  to  pace  the  user 
through  the  model  run  process.  This  necessitates  a  computer  facility 
which  allows  for  interactive  access,  at  least  for  part  of  the  model 
operation.  It  is,  however,  possible  to  set-up  the  system  so  that  the 
model  run  is  carried  out  on  a  batch  system  on  a  large  machine,  with 
the  rest  of  the  system  being  resident  on  a  different  machine  with  an 
interactive  operating  system. 


A  functional  description  of  the  system  is  provided  by  Figure  1.1 
In  order  to  improve  system  efficiency,  the  overall  system  is 
composed  of  six  integral  components: 


MOE  -  MAINSY5  -  maintains  control  of  the  system  and  provides 

a  controlled  user  environment 


SUBSYS1   -  performs  all  archiving  functions  for  model 
input  and  output  data 


SUBSYS2  -  generates  interpolated,  gridded  fields  of 
emissions,  physical  data  and  meteorological 
fields 


SYBSYS3  -  assembles  model  input  files  and  initiates 
and  monitors  model  runs 


SUBSYS^   -  provides  facilities  for  the  analysis  and 
display  of  model  results 


SUBSYS5  -  provides  facilities  for  assembling  models  from 
stored  module  components,  and  for  maintaining 
an  archive  of  such  models. 


MAIN    SYSTEM    COMPONENTS    OF    MOE       (MODEL    OPERATING    ENVIRONMENT) 


SUBSYS    1 
DATA  ARCHIVING 


*  Set  up  and  maintain 
catalogues 

*  Perform  Retrieval 
of  data 

*  Perform  data 
qua  I  I ty  checks 


SUBSYS    2 
GENERATION  OF 
OPERATIONAL  DATA 

*  Generate  Emissions 
Scenerios  and 
qridded  emissions 

*  Interpolate  Physical 
Data 

*  Generate  gr  idded 
Meteorologica I 
fields 


MOE 


MAINSYS 

SYSTEM  FLOW 

CONTROL 


SUSBSYS  3 
MODEL  RON 
GENERATION 

*  Select  Model  run 
Character ist  ics 

*  Assemble  operational 
data  files 

*  Initiate  and  Hon! tor 
run 


SUBSYS    4 

RUN  ANALYSIS 

AND  DISPLAY 

*  Retrieve  Model 
Resul ts  F  i les 

*  Perform  Statistical 
Ana  lysis 

*  Generate  Display 
Results 


SUBSYS    5 

MODEL    GENERATION 

AND  LINKING 

»  Maintain  Catalogue 
of  modules  and 
rout  i  nes 

*  Generate  a  Model 
Task 
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Figure  1 .  1 


Functional  System  Description 
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Each  subsystem  is  an  interactive  system  which  provides  a  controlled 
user  environment  for  performing  the  specific  function.  Control  is 
relinquished  by  MAINSYS  to  each  subsystem,  with  the  control  reverting 
to  MAINSYS  following  completion  of  the  task. 

The  design  approach  has  been  to  assume  that  the  computer  storage 
resources  are  limited.  As  far  as  possible,  the  online  storage 
requirements  are  minimized,  by  providing  an  efficient  data  cataloguing 
and  retrieval  system.  In  a  typical  model  run  situation,  only  the 
essential  operational  data  files  are  brought  on-line  for  the  intended 
procedure.  As  the  procedure  is  completed,  result  files  are  either 
used  in  a  subsequently  initiated  procedure  or  backed-up  to  tape  for 
subsequent  processing.  The  backing  up  process  involves  a  cataloguing 
step,  with  most  of  the  catalogue  information  supplied  by  the  generating 
procedure  automatically. 

Provision  has  also  been  made  in  the  system  design  to  allow  several 
users  to  carry  out  simultaneous  operations.  This  allows  nor- interfering 
operations  such  as  archiving,  model  running,  model  results  display 
and  analysis  to  be  carried  out  on  the  system  in  parallel,  resulting 
in  greater  flexibility  and  efficiency.  This  capability  is  made 
possible  through  the  subsystem  approach,  and  the  segregation  of  files 
for  the  various  subsystems. 
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Although  the  system  provides  a  menu-driven  and  paced  environment  for 
the  standard  operations,  it  also  provides  override  capabilities 
which  allow  access  at  will  to  all  parts  of  the  system.  This 
provision  is  necessary  for  system  maintenance  operations,  and  will 
normally  be  used  by  the  system  supervisor  to  modify  or  update 
modules,  or  to  incorporate  new  modules  for  new  models  or  enhanced 
system  capabi 1 i  t  ies. 

1 .2       System  Components 

The  following  sections  detail  each  of  the  major  subsystems  and  their 
interlinking  facilities. 

1.2.1     System  Flow  Control  (MOE-MAINSYS) 

System  entry  is  through  the  interactive  procedure  MOE  (Model  Operating 
Environment)  which  serves  to  apprise  the  user  of  system  status  and  to 
activate  the  appropriate  subsystem  as  required  for  the  user  intended 
operation.  (Figure  1.2) 

MOE  invokes  the  procedure  DSTAT  which  displays  on  the  terminal  the 
current  status  of  the  system.  This  is  accomplished  by  reading  from 
the  disk  resident  file  SYSTAT  which  is  automatically  updated  by  the 
various  subsystems  as  they  are  invoked  or  terminated.  The  status 
information  consists  of  the  following: 


I 
I 
I 
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C  we  ) 


DSTAT 
Display 
System 
Status 


SYSMEN 

Menu 
Selection 


TRANSF 

Transfer  Control  to 
Appropriate  Subsystem 


(    ST0P    ) 


Figure  1 .2 
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File:        SYSTAT 

Attributes:   Direct  Access,  Shared  Use 

Contents : 

1.  Number  of  Users    -   users  active  on  the  system  at  present 

2.  Subsystems  in  Use  -   list  of  subsystems  in  current  use 

(encoded  bit  information  reset  each 
time  the  status  changes) 

3.  Latest  Model  Run    "   identifying  model  run  number  encoded 
number  by  MAINSYS  (CRUN) 

k.      Date  and  Time      -   start  date  and  time  of  latest  model 

run  number 


On  the  basis  of  the  displayed  system  status,  the  user  is  given  the 
option  of  proceeding  into  one  of  the  available  subsystems,  or  of 
exiting  by  terminating  the  session.  The  SYSTAT  file  is  updated  with 
information  on  the  selected  subsystem  and  transfer  is  made  into  the 
appropriate  subsystem. 

At  this  point  MOE  exits  and  is  available  to  another  user. 

If  the  user  intends  to  carry  out  a  model  run  or  initiate  new  model 
information,  he  must  enter  the  system  through  MAINSYS  .  For  other 


I 
I 
I 
I 
I 
I 

. 

1 

I 
I 
I 

I 

I 
I 

I 

I 

I 
I 

I 
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operations,  the  appropriate  subsystem  may  be  entered  directly. 

MAINSYS  provides  the  controlled  environment  for  carrying  out  model 
runs  (Figure  1.3)  •  This  is  accomplished  through  the  MODSTAT 
(model  run  status)  file  and  a  number  of  procedures  for  updating 
the  file.  The  file  attributes  include  the  following: 


File: 


MODSTAT 


Attributes:   Direct  Access,  Shared  Use 


Contents  : 

1.   Current  model  run 
number 


2.  Model  run  start 
date  and  time 

3.  Procedures  run 
previously 


k.      Model  used 


sequentially  assigned  identifier 
used  for  monitoring  and  labelling 


ordered  list  of  procedures  carried 

out  under  the  current  number 


identifying  number  for  model  type 
and  version  number 


The  procedure  MSTAT  is  invoked  by  MAINSYS  to  generate  the  model  status 
information,  through  one  of  three  possible  channels: 
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f    MAINSYS  ) 


± 


MSTAT 

Define  and  Monitor 
status  of  model    run 


± 


CRUN 

set  up  run 

information 


MENUM 

■^j  Guided  Menu 
Selection 


DSTAT 

Display  System 
Status 


<i- 


> 


ARCHIV 

Set  up  Archiving 

information 


SYSTAT 


TRANSF 

Transfer  control 
to  subsystem 
Wait  if  Necessary 


C    STOP    ) 


Figure    1 . 3 
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1.  A  new  run  is  being  initiated:   in  this  case  the 

procedure  CRUN  is  invoked  to  generate  all  the  necessary 
information  to  code  the  run  files.  A  new  entry  is  made 
into  the  file  RUNDAT  which  maintains  in  consecutive 
records  the  full  information  to  all  previous  runs, 
and  the  MODSTAT  file  is  initiated.  Control  is  then 
transferred  to  MENUM  which  provides  a  guided  menu 
selection  process. 

2.  A  continuation  of  on-going  model  run:   this  is  signalled 
by  MAINSYS,  which  would  be  initiated  from  another  sub- 
system. In  this  case  control  is  transferred  to  MENUM 
directly.  Appropriate  update  information  is  written  to 
MODSTAT  . 

3.  A  previously  uncompleted  model  run  is  to  be  continued: 
in  this  case  the  user  must  supply  the  required  run 
number.  CRUN  retrieves  the  model  run  information  from 
RUNDAT  file  and  recreates  the  MODSTAT  file.  Control  is 
then  transferred  to  MENUM  . 
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The  procedure  MENUM  determines  current  model  run  status  from 
MODSTAT  and  provides  the  user  with  alternative  options  for  the 
next  step.  After  testing  system  status,  control  is  transferred 
to  the  appropriate  subsystem  and  MAINSYS  exits.  Control  from  the 
subsystem  reverts  to  MAINSYS  upon  completion.  When  the  full  run 
has  been  completed,  an  entry  is  made  to  RUNDAT  by  ARCH IV  and 
MAINSYS  exits. 

1.2.2     Data  Archiving  (SUBSYSl) 

SUBSYS1  is  a  menu-driven  cataloguing,  archiving  and  data  retrieval 
system.  Primary  control  is  through  the  procedure  MENUS!  which  allows 
the  user  to  perform  the  following  functions  (Figure  1.4): 

1)  Catalogue  Primary  Data  Sets  (CP) 

2)  Catalogue  Derived  Data  Files  (CD1) 

3)  Catalogue  Gridded  Fields  (CD2) 
k)  Catalogue  Operational  Data  Files  (CM) 

5)  Extract  Primary  Data  (EXTP) 

6)  Store  Working  Files  on  Tape  (STOR) 

7)  Retrieve  Stored  Data  from  Tape         (RESTOR) 

In  order  to  permit  multiple  users  on  the  system,  and  to  control  the 
operating  environment,  all  control  information  is  passed  between 
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programs  by  means  of  status  and  intermediate  files,  rather  than 
by  internally  stored  data.  Each  of  the  above  functions  is  a 
separate  procedure  (or  linked  sequence  of  procedures)  as  detailed 
in  Figure  1 . k    .  The  following  sections  describe  the  principal 
features  of  the  component  functions. 

1.   Catalogue  Primary  Data  Sets  (CP) 

This  cataloguing  procedure  consists  of  four  catalogues, 
as  well  as  editing/updating  and  search  functions.  The 
four  catalogues  contain  information  on  the  primary  data 
sets  maintained  in  the  model  operator  tape  library: 

PI  -  Primary  Emissions  Data 

P2  -  Primary  Physical  Data 

P3  -  Air  Quality  and  Precipitation  Chemistry  Data 

Pk   -  Meteorological  Data 

The  catalogues  are  maintained  on-line,  and  can  be  searched 
by  SALP  and  edited  by  EDTP  .  Table  1.1  shows  the  contents 
of  each  record  in  the  catalogue  files.  Where  possible, 
standardized  nomenclature  and  procedures  are  incorporated. 
Thus,  a  coded  list  of  elements  is  used  in  all  references 
to  specific  parameters,  and  requisite  read  programs  are 
specified  to  facilitate  retrieval. 
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Table  1.1 


PRIMARY  DATA  CATALOGUES 
PI,  P2,  P3,  PA 

FIELD  DESCRIPTION 


DSN        -  data  set  number;  sequentially  assigned  within  each  type 
of  data  PI  ,  P2,  P3,  P** 

ELT        -  element  identifier  standardized  over  all  data  sets 


1 

so2 

emiss  ions 

2 

so, 

em  i  s  s  i  on  s 

3 

NO 

X 

emiss  ions 

k 

TSP 

emiss  ions 

5 

HC 

emiss  ions 

6 

Elevat  ion 

7 

Land 

Boundary 

8 

Lane 

use  classification 

JO 

S02 

Conc'n  -  air 

n 

so, 

Cone  'n  -air 

12 

NO 
X 

Cone 'n  -  air 

20 


SO,  conc'n  -  precip 


21     N0„  conc'n  -  precip 


hO  Upper  Ai  r  Wind 

kl  Upper  Air  Temp 
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PRIMARY   DATA   CONT'D 


I 

I 

I 


42  Upper  Air  Dewpoint 

A3  Surf.  Wind 

hk  Surf.  Temp 

kS  Precipitation 

kS  Insolation 

kl  Surf  Pressure 

k8  Upper  Air  Pressure 

k3  Cloud  Information 


TYPE       -  specification  of  data  type;  different  for  the  different 
data  sets  where  applicable 

PI  -  source  type:  utility,  industrial,  area,  all,  etc 

Pk   -      raob,  surface  synoptic,  surface  other,  cl imatolog ical , 
gridded  NWP  product 

RGN        -   region  represented  in  the  data:  coded  information  on  area 
covered,  centered,  etc. 

FD.LD       -   first  and  last  dates  contained  within  the  data  set,  where 
appl icable 

SFILEID     -   site  file  identifier;  identifies  a  file  which  contains 
location  information  for  the  network,  where  needed 

FREQ       -  data  frequency,  if  applicable 

RDPROG      -   identifier  for  reading  program:  standardized  reading  programs 
to  simplify  integration  of  system 

NT         -  number  of  tapes  in  the  data  set 

LBL1  ,  I.BL2  -  NT  labels  of  the  tapes  in  the  data  set 
LBNT 
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The  search  program  SALP  allows  the  user  to  specify  his 
data  requirements  in  terms  of  data  type,  period  of  coverage, 
area  covered.  SALP  creates  an  output  list  EXDAT  containing 
the  catalogue  entries  which  fit  the  selection  criteria. 
The  list  is  then  made  available  to  EXTP  which  prompts 
the  operator  for  the  appropriate  tape  labels  during  the 
extraction  process. 

2.   Catalogue  Derived  Data  Files  (CD! ) 

This  cataloguing  procedure  is  similar  to  CP,  but  is  used 
for  derived  data  files,  these  being  extractions  from  the 
primary  data  files.  The  edit/update  function  EDTD1  obtains 
information  through  EXLIST  (a  list  file  produced  by  EXDAT) 
and  L1ST0R  and  LISRES  (list  files  generated  by  the  store  and 
retrieve  operations  STOR  and  RESTOR)  and  updates  the 
catalogues  Dll,  D12,  D13,  DTt  which  are  corresponding 
catalogues  to  the  primary  date  catalogues  PI,  P2,  P3,  P**  • 

The  search  procedure  SALD1  generates  the  list  file  LISD1 
which  can  subsequently  be  used  by  RESTOR  to  guide  retrieval 
operat  ions . 


I 
I 
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3.   Catalogue  Gridded  Fields  (CD2) 

Gridded  fields  of  emissions,  surface  characteristics,  and 
meteorological  parameters  generated  by  the  wind  field 
model  are   archived  and  catalogued  separately  from  the 
primary  or  derived  data- Table  1.2  shows  the  contents 
of  each  record  of  D2  .  The  edit/update  program  EDT02 
uses  the  list  files  LISTOR  and  LISRES,  as  well  as  the 
permanent  file  OPDAT  to  update  the  catalogue  D2  .  The 
search  program  SALD2  creates  the  list  file  L1SD2  used 
by  the  STOR  and  RESTOR  procedures. 

k.      Catalogue  Operational  Data  Files  (CM) 

Assembled  model  input  files  for  a  given  run,  as  well  as 
model  output  files  are  stored  for  subsequent  access  and 
catalogued  by  CM  .  This  program  maintains  four  catalogues: 

D3  -  Assembled  Model  Input  Files 

Ml  -  Primary  Model  Output  Files 

M2  -  Model  Display  Files 

M3  -  Evaluation  Statistics 

The  catalogue  record  contents  are  described  in  Table  1.3  . 
The  edit/update  program  EDTM  uses  list  files  LISTOR  and 


1  -  26 


Table  1.2 


DERIVED  GRIDDED  DATA  CATALOGUE  D2 


DFN 

DFC 

ELT 
TYPE 

RGN 

FD.LD 

SFILEID 

FREQ 
RDPROG 

NT 

LBU 

LBL2,  ., 
LBLNT 

CRDAT 

CRPROG 

VGRID 

NGRID 

GRIDS 


data  file  number;  sequentially  assigned  within  the 
catalogue  sequence 

data  file  code:  internal  system  code  based  on  creating 
program  and  writing  program 

element  identifier  -  same  as  PI  to  P^  and  Dl 1  to  DH) 

specification  of  data  type 

region  represented  in  the  data:  coded  information  on  area 
covered,  centered,  etc. 

first  and  last  dates  contained  within  the  data  set,  where 
appl i cable 

site  file  identifier;  identifies  a  file  which  contains 
location  information  for  the  network,  where  needed 

data  frequency,  if  applicable 

identifier  for  reading  program;  standardized  reading 
programs  to  simplify  integration  of  system 

number  of  tapes  in  the  data  set 

NT  labels  of  the  tapes  in  the  data  set 

creation  date 

creating  program 

vertical  grid  level  or  levels  to  which  data  applies 

grid  size  -  number  of  rows,  columns 

grid  spacing  (intervals) 
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Table  1.3 
OPERATIONAL  AND  MODEL  RESULTS  CATALOGUES 
D3,  Ml,  M2,  M3 


DFN        -  data  file  number;  sequentially  assigned  within  the 
catalogue  sequence 

DFC        -  data  file  code:  internal  system  code  based  on  creating 
program,  and  writing  program 

ELT        -  element  identifier  -  same  as  PI  to  Pk   and  Dl 1  to  W\k 

CRDAT      -  creation  date 

CRPROG      -   creating  program 

MRUN       -   run  number  used  for  retrieving  complete  data  by  run 
number 

DISPN       -   disposition  of  computer  file:  keep,  keep/catalogue/ 

delete  (scratch) 

VOLUME      -  volume  of  residence 

DIRECTORY   -  addressing  information  to  file 


1  -  28 


L1SRES  as  well  as  the  permanent  file  RUNDAT  to  update  the 
appropriate  catalogue.  The  search  program  SALM  creates  the 
file  LISM  which  is  used  by  RESTOR  to  retrieve  off-line  data. 

5.  Extract  Primary  Data  (EXTP) 

The  procedure  EXTP  is  an  interactive  command  procedure  which 
allows  the  operator  to  extract  required  data  from  the 
primary  data  sets.  It  uses  the  file  EXDAT  created  by  CP  to 
prompt  for  the  appropriate  tape  labels  to  read  the  tape  and 
create  a  working  file  on  disk.  EXTP  also  writes  the  file 
EXLIST  which  allows  cataloguing  and  storage  of  the  extracted 
files. 

The  read  procedures  produce  the  report  DATREP  which  provides 
data  quality  information  on  the  transferred  data. 

6.  Store  Working  Files  on  Tape  (STOR) 

The  Procedure  STOR  allows  the  user  to  store  off-line  any  of 
the  derived  or  model  result  files.  It  uses  the  files  EXLIST  , 
RUNDAT  ,  OPDAT  as  appropriate  to  invoke  the  appropriate 
write  routine.  The  file  LISTOR  is  created  to  allow  the 
cataloguing  procedures  to  update  the  appropriate  catalogue 
entry. 


I 


1  -  29 


7.   Retrieve  Stored  Data  From  Tape  (RESTOR) 

RESTOR  allows  retrieval  of  tape  files.  The  list  files 
LISD1  ,  L1SD2  ,  LISM  generated  by  the  catalogue  programs 
are  used  to  initiate  the  appropriate  read  program  and 
prompt  for  the  required  tape  label.  The  file  LISRES  is 
generated  to  allow  the  cataloguing  procedures  to  update 
the  appropriate  catalogue  entry. 

1.2.3     Generation  of  Operational  Data  (SUBSYS2) 

SUBSYS2  is  a  menu-driven  system  which  interacts  with  the  user  through 
MENUS2  to  perform  the  following  functions  (Figure  1.5): 

1.  Retrieve  Stored  Data  from  Tape  Files  (RESTORD) 

2.  Generate  Gridded  Emissions  Data  (EMIS) 

3.  Generate  Gridded  Physical  Data  (GROUND) 
h.  Produce  Wind  Fields  and  Gridded  Meteorological  Fields  (MENUW) 

MENUS2  allows  the  user  to  transfer  into  SUBSYS1  in  order  to  search  the 
derived  data  catalogues  (CDl)  and  generate  the  list  file  LISD1  . 
(Within  SUBSYS1,  a  check  can  be  made  for  the  required  operational  files 
through  CD2)  . 


1   -  30 


c 


SUBSYS2 


lp 


c 


TRANSFER  rni\d_ 
to  SUBSYSl)hijy^r 


WORKING 
FILES 


-£► 


± 


D 


MENUS2 

menu  selection 
procedure 


«$ 
^ 


RESTORD 
retrieval  of 
derived  data 


+ 


{     LISD1  J 


RD101 


RD109 


Fi  gure  1.5 


1  -  31 


V 


EMIS 

merging  and 
gridding  of 
emissions 
data 


OPERATIONAL 
DATA  FILES 


(TRANSFER    ^\ 
(to  SUBSYSl)CD2y 


Figure  1.5  cont 'd. 


1    -  32 


^H 


GROUND 
Menu  Selection 


(     TRANSFER        ~^\ 

VjtoSUBSYSl)CD2y 


Fi  gure    1 . 5  cont ' d, 


I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


1  -  33 


-4- 


m* 


C 


TRANSFER 
(to  SUBSYS1)CD2 


> 


MENUW 
menu  selection 
procedure 


PRECIP 

TEMPR 

INSOL 

RWIISED 

WIND 


■W  OPDAT  J 


WORKING 
FILES 


OPERATIONAL 
FILES 


Figure  1.5  cont'd. 


1  -  3^ 


1.  Retrieve  Stored  Data  (RESTORD) 

This  procedure  is  a  scaled  down  version  of  the  RESTOR 
procedure  in  SUBSY1  ,  which  is  used  only  for  derived  data 
files.  The  use  of  a  separate  retrieval  procedure  for 
operational  file  generation  will  greatly  reduce  contention 
for  SUBSYS1  availability,  allowing  for  more  convenient 
multi-user  operation. 

2.  Generate  Gridded  Emissions  Data  (EMIS) 

EM1S  is  the  controlling  program  for  generating  emissions 
scenarios  and  gridded  emissions  under  control  of  the  user 
who  is  required  to  specify: 

-  element  or  elements  of  interest 

-  region  to  be  considered 

-  particulars  of  grid  to  be  generated 

-  temporal  resolution 

-  restriction  on  source  category,  emitting  region,  etc. 

-  restriction  on  source  of  data. 

This  process  may  require  several  transfers  to  SUBSYS1  in  order 
to  produce  the  proper  subselection  of  the  primary  data  sources, 
EMIS  reads  the  file  LISRES  to  define  the  location  of  the 
specific  files  required  in  the  gridding  process.  The  gridding 


I 
I 


I 
I 
I 
I 
I 
I 

I 
I 


1  -  35 


process  writes  the  gridded  operational  data  files  and 
makes  the  appropriate  entry  to  OPDAT  file.  A  transfer 
can  be  made  (optionally)  to  SUBSYS1  to  catalogue  the 
gridded  data  files  (CD2)  .  The  OPDAT  file  contains  a 
listing  of  operational  data  files  generated  by  the 
current  run  process. 

3.   Generate  Gridded  Physical  Data  (GROUND) 

GROUND  is  a  specification  and  menu  selection  program  which 
initiates  the  following  operations: 


TOPO   -   extract  topographic  information  for 
the  required  region,  interpolate  to 
the  appropriate  grid,  perform 
appropriate  smoothing,  and  write  the 
operational  data  file. 


SURF   -   generate  gridded  land  cover  map  for 

the  region  for  the  appropriate  season 
from  map  data  or  pre-gridded  fields. 

ROUGH  -   using  surface  and  land  coyer  gridded 

data,  generate  grid  of  roughness  length. 


l  -  36 


After  writing  the  operational  data,  transfer  can  be  made 
to  SUBSYS1  for  cataloguing  procedures.  The  operational 
programs  are   described  in  greater  detail  in  another 
section. 

k.      Produce  Wind  Fields  and  Gridded  Meteorological  Fields  (MENUW) 

MENUW  controls  the  operation  of  meteorological  parameter 
gridding  and  wind  field  generation.  The  principal  procedures 
are: 

PRECIP  -   produce  gridded  precipitation  fields 
for  selected  periods  and  grid 
characteristics.  Also  produces  an 
i ntermi ttency  factor  on  the  basis 
of  nearby  stations. 


INSOL  -   estimate  insolation  to  specified  grid 
location  and  period  on  the  basis  of 
cloud  cover  information. 


RWIND  -   control  the  generation  of  regional 
scale  gridded  winds. 


MWIND  -   control  the  generat*on  of  mesoscale 
gr i  dded  wi  nds . 

These  procedures  are  further  detailed  in  a  subsequent  section. 
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1.2.4     Model  Run  Generation  (SUBSYS3) 

SUBSYS3  allows  the  user  to  select  a  model  and  input  specifics  for 
the  run,  assemble  the  required  operational  data  files,  and  initiate 
and  monitor  the  execution  of  the  model  task  (Figure  1.6)  . 

The  system  task  MENUS3  guides  the  user  through  the  model  run  process, 
as  well  as  allowing  a  transfer  to  be  initiated  to  one  of  the  other 
subsystems  for  retrieval  and  cataloguing  tasks. 

SELECT  provides  an  interactive  environment  for  selecting  the  model  to 
be  run  and  specifying  model  input  data  such  as  start  and  stop  dates 
for  the  simulation,  selection  of  data  types  to  be  used,  specific 
output  required  and  cataloguing  information.  By  running  the  appropriate 
preprocessing  routine  for  the  model  to  be  used,  SELECT  generates 
the  file  RUNL1ST  which  contains  a  list  of  input  files  required  by 
the  model.  The  preprocessing  routines  also  generate  the  file  M0D1N 
which  contains  the  pertinent  run  information  for  the  model. 

The  procedure  OPERDAT  permits  the  user  to  assemble  the  operational 
data  files  required  through  an  interactive  session.  Missing  files 
are  flagged  in  LISREQ  and  must  be  retrieved  or  generated  by  the  user 
before  the  model  can  be  run. 
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The  procedure  IMRUN  sets  up  the  model  run  and  updates  the  RUNDAT 
file.  The  list  file  LISM  is  created  as  input  to  the  cataloguing 
routine  (CM)  .  The  model  is  invoked,  and  uses  the  RUNL1ST  to 
retrieve  the  operational  data  files.  The  M00IN  file  is  used  to 
specify  the  model  run;  and  the  output  files  are  written  to  disk 
and  subsequently  catalogued  and  archived  (if  necessary)  . 

1.2.5     Run  Analysis  and  Display  (SUBSYSM 

SUBSYS^  provides  the  facilities  to  carry  out  analysis  of  model  results, 
perform  statistical  evaluation  with  measured  data,  and  display  selected 
parameters  (Figure  1.7)  ■ 

MENUS4  allows  the  user  to  select  the  intended  operation.  Prior  to 
analysis  and  display  functions,  the  user  can  transfer  to  other 
subsystems  to  retrieve  appropriate  data  files  or  generate  files  which 
are  not  ava  i lable. 

MODANAL  performs  analysis  and  synthesis  of  gridded  model  results  to 
extract  predicted  concentrations  and  depositions  applicable  to  the 

selected  sampling  locations  and  periods. 
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MOS  consists  of  a  number  of  statistical  calculations  which  allow 
evaluation  of  model  results  against  observations,  or  against  other 
model  run  results. 

DISPLAY  is  a  series  of  display  programs  linked  through  the  general 
interactive  module  DISPLAY  .  The  input  can  be  any  of  the  operational 
and  model  results  files.  The  output  is  in  the  form  of  plots, 
scattergrams ,  contour  plots,  tabulations  and  other  formats  as 
appropriate.  Different  display  systems  will  be  available,  such  as 
printer,  Tektronix  CRT,  Versatech  plot,  Calcomp  plot. 

1.2.6     Model  Generation  and  Linking  (SUBSYS5) 

SUBSYS5  provides  the  facilities  for  creating,  cataloguing,  linking 
and  maintaining  the  modules  which  comprise  the  various  models 
within  the  system.  (Figure  1.8)  . 

MENUS5  allows  the  user  to  select  the  intended  operation.  A  transfer 
to  one  of  the  other  subsystems  is  a  possible  option. 

CMOD  is  a  cataloguing  program  for  modules  and  tasks.  The  catalogue 
information  includes  identifiers  for  algorithm,  read  and  write 
programs,  linking  information,  creation  and  update  information. 
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Figure  1.8 
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MODGEN  allows  specification  of  principal  components  to  be  linked 
for  a  particular  model  version.  It  retrieves  the  linking  information 
form  the  file  MOD,  and  retrieves  the  appropriate  modules.  A 
command  list  is  created  which  allows  assembly  of  the  complete 
executable  task. 
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\  .3       System  Installation  Requirements 

The  computer  requirements  for  the  operation  of  the  proposed 

1 
system  and  models  are  dependent  on  the  scope  of  the  system 

and  of  the  component  models,  as  well  as  the  anticipated  mode 

of  operation  of  the  modeling  system.  In  this  section,  these 

requirements  are  discussed  to  the  extent  that  they  can  be 

determined  at  the  present  stage  of  design. 

1.3.1     Anticipated  Mode  of  Operation 

The  modeling  system  will  be  an  interactively  driven  set  of 
procedures  with  an  overall  controlling  system  (ideally  written 
in  a  command  control  language)  which  maintains  system  and  file 
integrity.  The  optimum  environment  for  the  system  is  a  multi- 
user virtual  memory  operating  system,  as  this  would  permit 
efficient  operation  of  the  several  components  of  the  system 
by  one  or  several  operators  simultaneously.  The  segmentation  of 
the  system  ensures  that  only  a  small  part  of  the  code  is  contained 
in  core  at  a  given  time,  the  remainder  of  the  system  being 
resident  on  disk.  The  various  models  (dispersion,  chemistry, 
wind  field)  are  separate  modules  callable  from  the  interactive 
system  routines,  and  are  disk  resident. 
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User  interaction  will  be  via  a  CRT  terminal,  which  could  also 
serve  as  a  graphics  display  terminal.  A  hard-copy  display  unit 
will  be  required  for  model  display  outputs. 

The  large  amount  of  input  data  and  the  multiple  processing  of 
data  will  require  a  large  capacity  assignable  disk  drive  and 
dual  tape  drive  capability. 

The  system  will  comprise  a  large  amount  of  code  and  will  require 

the  maintenance  on-line  of  catalogue  and  control  files,  necessitating 

the  provision  of  ample  disk  capacity  on  a  fast  disk. 

1.3.2     Projected  System  Requirements 

The  projected  requirements  for  computer  resources  to  effectively 
operate  the  Data  Management  System  include  as  a  minimum: 

mid-range  mini -computer  (32  bit)  with  half  a  megabyte 
of  physical  core  available  to  the  user; 

two  CRT  terminals  and  a  line  printer 

virtual  memory  operating  system  allowing  for  a  true 
time-sharing  interactive  environment 

80  MB  disk  capacity 

dual  tape  drives  ( 1 600  bpi) 
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Fortran  IV  language  compiler 

Hard-copy  display  unit  (Versatech,  Calcomp) 
and  associated  driver  software. 

The  Wind  Field  Model  could  also  operate  within  this  environment 
acceptably  if  a  hardware  floating  point  unit  were  available  on 
the  system. 

The  Dispersion  and  Chemistry  Models  impose  a  much  greater  demand  on 
computer  resources  both  in  terms  of  core  memory  and  CPU  usage.  The 
efficient  running  of  these  models  will  likely  require  a  fast  (vector) 
computer  with  large  core  memory  availability,  such  as  provided  by 
the  high-end  CDC  machines. 

The  ideal  arrangement  which  would  accommodate  both  modes  of  operation 
in  an  efficient  manner  can  be  set-up  by  installing  the  Data  Management 
System  on  an  in-house  mi ni -computer  configuration  as  outlined  above, 
and  installing  the  Wind  Field  Model  and  the  Dispersion  and  Chemistry 
Models  on  a  fast  mainframe,  linked  to  the  mini  by  a  high  speed 
communications  facility.  Such  a  configuration  would  be  highly 
interactive  without  incurring  the  large  cost  of  CPU  time  on  the 
mainframe.  All  runs  on  the  mainframe  would  be  in  batch  mode,  with 
all  JCL  set-up  by  program  on  the  mini-conputer ,  with  the  results 
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transmitted  to  the  mini  for  analysis  and  display  functions,  or 
placed  on  tape  for  transfer  to  the  mini. 

Since  much  of  the  work  in  model  running  is  in  the  preparation  of 
input  data  and  analysis  of  results,  this  arrangement  would  give 
maximum  control  to  the  model  operator,  and  minimize  the  costs 
of  the  batch  runs. 

1 .  h  Data  Base  Components 

The  Data  Management  System  described  in  Section  1.2  consists  of 
the  cataloguing  and  archiving  routines  with  associated  library  of 
data  sets,  and  the  data  analysis  routines.  This  section  elaborates 
on  the  availability  of  the  various  data  types,  while  Section  1.5 
describes  the  data  analysis  and  gridding  procedures. 

1.4.1     Emiss  ions  Data 

The  emissions  data  requirements  for  the  Dispersion  and  Chemistry  Models 
include  the  following  parameters: 

-  so2 

-  N0/N02 

-  primary  SO, 

-  total  particulate 

-  reactive  hydrocarbons  in  8  classes 

-  other  hydrocarbons 
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For  point  sources,  emissions  parameters  such  as  location,  stack 
height,  volume  flow  rate,  temperature  and  temporal  variations 
are  essential  data  elements.  For  area  sources,  region  of  coverage 
and  temporal  variation  are  the  required  parameters. 

Table  1.4  presents  a  compilation  of  relevant  emissions  inventories 
available  at  present.  Additional  detail  is  available  in  EPA  (1976), 
Bosch  (1982),  Benkovitz  (1982),  Voldner  et  al  (1980),  Clark  (1980), 
and  Wong  (1975)  • 

Much  of  the  available  data  relates  to  SO  and  NO   and  no  extensive 

x       x 

coverage  exists  for  primary  sulphate.  On  the  regional  scale,  only 
total  hydrocarbon  emissions  data  is  available,  necessitating  a 
methodology  for  partitioning  into  the  required  subclasses. 

For  some  source  categories  it  is  possible  to  obtain  details  on  the 
diurnal,  weekday/weekend,  and  seasonal  variations  in  total  emissions 
However,  deviations  from  these  patterns  on  any  given  day  can  be 
significant,  so  that  the  use  of  such  inventory  data  for  a  specific 
series  of  k   to  5  days  introduces  a  potentially  large  error.  For 
area  sources,  little  information  on  diurnal  patterns  is  available 
on  the  regional  scale. 


Table  M 


Emissions  Inventory  Data  Sources 


EMISSIONS  DATA  SET 

COMPILER 

SPONSOR 

POLLUTANTS 

REGION 

SOURCE  TYPE 

TIME  FRAME 

COMMENTS 

NEDS 

National  Emissions 

Data  System 

U.S.   EPA 

EPA 

Particulates , 
SO  ,N0  .HC.CO 

X     X 

USA 

Point  &  Area 

1971 

and  ongoing 

detailed  information  for  point 
sources,  and  county  basis  for 
area  sources 

Emissions  History 
Information  System 

OAQPS 

OAQPS 

Office  of  Aii- 
Qua  i  I ty  Planning 
and  Standards 

Part Iculates , 
SO  ,N0  , HC.CO 

X    X 

Total  USA 

All 

19*10 
$0.60,  70-80 

lower  resolution,  used  for 
defining  emissions  trends 

Northeast  Corridor 
Regional  Inventory 

GCA 

OAQPS 

NO  VOC.CO 

X, 

111 
Eastern  Slates 
plus  DC 

All 

1979 
data  wi  th  I960 
project  Ion 

based  on  NEDS  and  updates 

OAQPS  Historical 
Trends 

NADB 

OAQPS 

SO  ,N0 
x'   x 

Eastern  States 

Agglomerated 
By  State 

1950-1980 

tabulations  mainly  used  for 
trend  analysis 

U.S.  SO  Emission 

Inventory 

NITRE 
Corp 

Envl ronment 
Canada 

SO 

x 

Eastern  States 

By  State 

and  9 

Categories 

1980 

contains  erroneous  data 

AIRTEST  -  80 

Teknekron 
Research 

EPA 

SO 

X 

Eastern  States 

Power  Plants 

1980 

based  on  outdated  generation 
and  fuel  quality  data 

6.  H.  Pechan 
Inventories 

E.H.  Pechan  R 
Associates 

ORD/EPA 

SO  ,  and  NO 

X           X 

USA 

Utl 1 1  ties 

1976-1980 

emission  trends  for  238  largest 
utility  emitters  In  U.S. 

SURE 

GCA 

EPRI 

SO 

X 

Eastern  States 

All 

77-78  &  updated 
to  1979  feUREIJ 

1975  NEDS  used  for  non-utility 
■missions.  SURE  II  contains 
adjustments  which  may  be  erroneous 

HAP3S 

BNl 

DOE 

Part  iculates , 
SO  ,N0  .HC.CO 

X     X 

USA 

pi  us  some  of 
Snadian  Sources 

All 

1978 

presently  configured  as  a 
computerized  data  base  management 
system 

Table  \ .k      Continued 
Emissions  Inventory  Data  Sources 


EMISSIONS  DATA  SET 

COMPILER 

SPONSOR 

POLLUTANTS 

REGION 

SOURCE  TYPE 

TIME  FRAME 

COMMENTS 

SEAS 
Strategic  Environmental 
Assessment  System 

MITRE  Corp. 

EPA/0OE 

SO  .NO 

X    X 

USA 

Aggregated 

project  to  any 
year  from  1978 

based  on  econometric  projections 
of  Interrelated  Industries 

MFBI 

Major  Fuel  Burning 

Instal lat Ions 

00  E 

DOE 

Fuel  Use 

USA 
coal ,  oil.  gas 
consumers 

Oata  for 

2000-5000 

sources 

col  lee  ted 

1979-80 

large  Industrial  fuel  users 

FEUDS 
Facl  1  1  ty  Energy 
Utilization  Data  System 

ULTRASVSTEMS 
INC. 

00E 

Same  As 
NEDS 

USA 

Point  &  Area 

Annual  Based 
on  NEDS 

based  on  NEDS  plus  additional 
plant-specific  data 

ICF  Oata  Base 

ICF 

0OE/EPA/OR0 

SO  ,N0 

X     X 

USA 

Combination 

Sources 

1978-79 

used  for  emission  scenario 
eval uat Ion 

EOS 
Energy  Oata  System 

SASD/OAQPS 

SAS0/0AQPS 

Particulates, 
SO  ,N0x 

X 

USA 

Power  Plants 

1969-1979 

terminated  In  1979 

GURF 
Generating  Unit 
Referenc  i  ng  File 

Oak  Ridge 

Nat lonal 

Laboratory 

DOE 

SO 

X 

USA 

Oil  f.  Coal 

Fi  red  Power 

Plants 

1978-1979 

RAPS 

Regional  Air  Pollution 

Study 

SAI 

0AQPS/0R0 

Particulates , 
SO  ,N0  .HC.CO 

X    X 
trace  metals 

S  t .  Lou  1 s 

AQCR 

Delal led  Point 
r.   Area  Sources 

1975-1977 

5  year  Intensive  study  period 

National  Emissions 
Inventory  System 

EPS 
Canada 

EPS 

Part  iculates , 

S0x,N0K,HC,C0 

primary  SOt, 
(partial ) 

Canada 

All 

1978.  1980 

updates 

periodical ly 

gridded  Inventories  based  on 
this  data  have  been  produced  on 
a  127  km  Polar  Stereograph  Ic  grid 

Ontario  Emissions 
1 nventory 

OME 

OHE 

Particulates, 

SO  .NO  , HC.CO 
X    X 

On  tar lo 

Point  t  Area 

Yearly  Update 

Presently  a  development  program 

has  begun  to  generate  an  Acid 
Rain  Emission  Inventory  Data 
Management  System 

U1 


1  -  53 


I 
I 


In  order  to  characterize  the  error  associated  with  the  inventory 
data,  it  will  be  necessary  to  determine  the  individual  errors  in 
the  various  source  categories,  and  apply  a  weighted  sensitivity 
analysis  as  in  Ditto  et  al  (1976)  . 

1.^.2     Physical  Data 

Topographic  data  can  be  obtained  in  digitized  format  (NCIR  ( 1 98 1 ) ) 
to  a  resolution  of  2  x  1   .  These  were  digitized  from  a  1:250,000 
map,  and  is  therefore  limited  to  the  original  resolution  of  the  maps. 
More  detailed  maps  for  the  mesoscale  can  be  obtained  from  NCIR  or 
EMNR  (Ottawa),  and  manually  digitized  for  inclusion  in  the  data 
base.  Gridded  topographic  data  is  also  available,  such  as  produced 
by  Lawrence  Livermore  Laboratory. 

* 

Geographic  information  for  natural  boundaries  is  also  available  in 
digitized  form  to  1  km  resolution  from  NCAR  (Henderson  and  Clare,  1 980) 

Land  use  data  is  available  on  several  scales  of  resolution  and  can 
be  manually  processed  into  gridded  data.  Additionally,  the  Ontario 
Center  for  Remote  Sensing  has  developed  a  computerized  procedure 
for  interpreting  Landsat  data  and  producing  averaged  land  use  data 
to  desired  resolution  (Pala,  1982)  . 
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Maps  of  potential  vegetation  cover  are  available  through  the 
American  Geographical  Society  (Kuchler,  1970),  as  well  as 
regional  conservation  authorities  and  forestry  services. 

Seasonal  grldded  maps  can  be  derived  from  these.  Along  with 
snow  cover  and  land  use  information,  vegetation  cover  and 
roughness  parameter  data  can  be  used  directly  to  produce  gridded 
maps  of  deposition  velocity  as  carried  out  by  Sheih  et  al  (1979)  • 

1.*t.3     Air  Quality  and  Precipitation  Data 

Verification  and  initialization  of  the  dispersion  models  requires 
air  concentration  data  on  the  following  parameters;  SO   SO,,  N0/N0_ , 
TSP,  Reactive  hydrocarbons  in  eight  classes,  ammonia,  ozone  and 
trace  metals.  Also  required  is  precipitation  chemistry  data  of  the 
major  cations  and  anions,  as  well  as  pH  and  conductivity. 

Much  of  the  data  on  air  concentration  is  collected  in  support  of 
compliance  testing  of  local  pollutant  levels,  and  is  of  limited 
utility  for  long-range  transport  studies  due  to  local  influences 
as  well  as  lack  of  precision  at  the  low  concentrations  at  locations 
characteristic  of  the  regional  conditions.  In  the  U.S.,  the  AEROS 
system  (EPA,  1976)  provides  a  computerized  compilation  of  most  of 
this  data.  In  Canada,  the  EPS  maintains  the  National  Air  Pollution 


I 


I 
I 
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Surveillance  network  (NAPS,  1981)  and  the  Ontario  Ministry  of  the 
Environment  maintains  a  dense  network  within  Southern  and  Central 
Ontario  (OME,  1981)  . 


This  data  is  generally  restricted  to  the  criteria  pollutants:  SO-, 
NO/NO  ,  TSP,  HC,  0,,  CO  .  For  validation  of  the  dispersion  models, 
it  will  be  necessary  to  utilize  the  data  from  specialized  experiments 
such  as  the  SURE  (Mueller  et  al  ,  1980),  ERAQS  (Mueller  et  al ,  1981) 
and  OSCAR  (Hales  et  al ,  I98I)  experiments. 


Some  networks,  such  as  the  APN  in  Eastern  Canada,  designed  for 
precipitation  chemistry  also  include  air  concentration  measurements 
suitable  for  regional  characterization.  Additionally,  local  programs 
of  short  and  long-term  are  run  by  provincial  and  state  agencies. 

For  precipitation  monitoring,  a  large  number  of  programs  have  been 
launched  since  the  late  seventies.  Wisniewski  and  Kinsman  ( 1 982) 
provide  the  results  of  a  comprehensive  survey  of  acid  rain  monitoring 
activities  in  the  U.S.  and  Canada,  both  of  national  and  local  scale. 
Table  1.5  reproduces  this  compilation.  The  listing  does  not,  however, 
identify  networks  which  also  measure  air  concentration  parameters, 
such  as  APN,  MAP3S/0SCAR,  EPRI  SURE,  or  the  PEPE  specialized 
experiment. 


Table  1 .5   "  Acid  Rain  Honitoring  Studies 
Reproduced  from  Wisniewski  and  Kinsman  (1982) 

Untied  Stale!  acid  rmin  monitoring  studies — National,  regional,  italc.  local,  and  recently  completed. 


-Sludy/Network 


Funditii 

otgamzation 


Psrxmelen 
monitored 


f  stent  and 

location 


Period  of 
operation 


Sampling  and 
analysis 


Contact 


Nutiokcu 


National  Atmospheric 
Deposition  Program  (NADP) 


A  consortium  of  government 
(USDA.  NOAA.  USGS.  EPA. 
DOE.  US   Forest  Service. 
National  Park  Service.  Bureau 
of  Land  Management.  Slate 
Agricultural  Experiment 
Stations),  educational  and 
private  tcctoi  entities. 


pH.  conductivity.  SO.,  NOi. 
Nil..  CI.  PO..  Na.  K.Ca.  Mg 


At  of  I  January  1982,  the 
NAOP  consisted  of  92 
operating  stations,  with  five 
more  eiprcled  in  early  1*12.  At 
•t>  inception,  the  NAOP  waa 
concentrated  in  the  cast  but 
now  a  more  balanced 
distribution  exists  from  coast 
to  coast,  including  sites  located 
in  Alaska.  Hawaii  and 
American  Somoa. 


The  network  was  established 
in  May  1971. 


Each  site  utiliies  an  Aerochem 
Metncs  201  wet/dry  deposition 
collector.  Wet  deposition 
samples  are  collected  on  a 
weekly  basis  and  dry 
deposition  is  collected 
bimonthly.  All  samples  are 
analyzed  at  the  Illinois  State 
Water  Survey. 


J.  M.  Oibton 

Natural  Resources  Laboratory 
Colorado  Slate  University 
Ft.  Collins.  Colo  30910 


NCA/8CR  Precipitation 
Quality  Network 


The  network  is  funded  by  the      pH, conductivity,  acidity.  SO..     The  NCA  network  will  exist      Initial  sites  began  collection  in      Aerochem  Metrics  201  wet/       James  F.  Boyer 


National  Coal  Association 
(NCA)  and  managed  by 
Bitimtnus  Coal  Research.  Inc. 
(BCR). 


NO..  NIU.a.Ca.Na.K.Mg 
(in  order  of  priority  in  event 
of  sample  with  small  volume) 


nationwide,   with   most  tiles 
east  of  the  Mississippi.  The 
network  will  be  especially 
concentrated  in  the  coal- 
producing  regions  of  Illinois. 
Ohio,  Pennsylvania,  and  West 
Virginia.  Forty  sites  weic  in 
operation  as  of  January  1912. 
Approximately  10  more  sites 
will  begin  monitoring  in  1912. 


ear  It  1911. 


dry  samplers  wilt  be  used  to 
collect  weekly  wet  and 
biweekly  dry  samples. 
Analyses  will  be  performed  al 
laboratories  located  at  each 
site.  If  no  laboratory  is 
available,  analyses  will  be 
performed  al  Biiuminus  Coal 
Research,  Inc. 


Manager,  Environmental 

Research 
Biiuminus  Coal  Research,  Inc. 
JJ0  Hochberg  Rd. 
Monroe ville.  Pa    13146 


CTn 


National  Urban  Runoff 
Program  INURP) 


Environmental  Protection 
Agency  (EPA),  U  S  Geological 
Survey  (USGS> 


pH.  conductivity.  SO,,  NOi, 
NH..  a.  P.  PO.,  Na,  K.  Ca. 
Mg.  Cd.  Cu.   Pb.  Zn    Also, 
some  multi-element  trace 
metal  scans,  carbonate, 
bicarbonate.  TOC  and  OIC 


The  network  consists  of  up  to 
nine  precipitation  collectors 
in  each  of  21  cities  nationwide. 


The  earliest  sites  have  been  in 
operation  since  summer  1971. 
Three-year  data  collections  are 
in  progress  at  most  sites. 


The  network  uses  Aerochem 
Metrics  201  wet/dry 
precipitation  collectors 
principally,   along   with   two 
other  very  similar  models.  Wet 
deposition  is  collected  on  an 
event  basis  and  dry  deposition 
collection  is  monthly  or 
bimonthly.  Analyses  are 
performed  al  the  EPA 
laboratory  in  Kansas  City,  at 
the  USGS  laboratories  in 
Denver  and  Atlanta    and  al 
various  universities  and 
private  firms 


Dennis  N.  Alhayde 
WHJ34,  EPA 
401  M  Si.  S  W. 

Washington.  DC   20460 

Ernest  D.  Cobb 
USGS-WRD.  Mail  Slop  413 
??••?»•»,  Va    77092 


Utility  Acid  Precipitation 
Study  Piogram  (UAPSP) 


The  network  is  funded  by  34      pH,  conductivity.  SO..  NOi,     The  network  consuls  of  19      The  sia  tiles  from  the  EPRI        Aerochem  Metrics  samples  are      Chuck  Hakkarinen 


electric  utilities  in  the  eastern 
U.S.  Technical  management 
is  provided  by  EPRI. 


NH,.  CI.  P.  Na.  K.  Ca.  Mg 


sites,  extending  from  eastern 
South  Da  kola  south  to  eastern 
'  Teias  and  east  to  Maine  The 
network  includes  five  stations 
from  the  recently  completed 
EPRI  Eastern  Regional 
Chemistry  Network. 


Eastern  Regional  Chemistry 
Network  have  been  in 
operation  since  September 
1971.  The  other  I J  sites  include 
two  sites  initiated  in  April  I9SI 
and  1 1  sites  initialed  in 
October  1911 


used  to  collect  wei-only 
precipitation  daily.  Analysers 
are  performed  by  Rockwell 
International.  Acidity  is 
measured  al  (he  site. 


Energy  Analysis  and  Environment 

Division 
F.leclnc  Power  Research  Institute 
P.O.  Boa  10412 
3412  Hillvle*  Ave 
Palo  Alto.  Calif.  94303 


Table    1,5    (cont  inued) 


EPA/NOAA/WMO 

Precipitation  Chemistry 
Network 


Environmental  Protection 
Agency  (EPA).  National 
Oceanic  and  Atmospheric 
Administration  (NOAAJ, 
World  Meteorological 
Organisation  (WMO> 


pH.  conductivity.  SO*.  NQ», 
NH«.  a,  PO«,  Na,  Ca.  Mg 


The  network  consists  of  12 
stations.  Ten  sites  are  located 

within  the  conlinenlal  U.S., 
with  one  sue  each  on  Manna 
l.oa.  Hawaii,  and  American 
Somoa  AH  sites  in  this 
network  are  also  members  of 
the  NADP  network  since  1979. 


The  network  began  operation 
during  1972 


The  network  switched  to 
Aerochem  Metric*  20,1  wet/dry 
deposition  collectors  in  mid- 
19^9.  Sampling  is  performed 
weekly  for  wet  deposition  and 
bimonthly  for  dry  deposit  inn 
All  samples  are  analyzed  al 
the  Illinois  State  Water  Survey 


John  M   Miller 
NOAA-Air  Resource* 

Laboratories 
8060  I. 1th  Si 
Silver  Spring.  Md    2O9I0 


BtGIONAU 


EPA  Great  Lakes  Atmospheric 
Deposition  Network 


Environmental  Protection 
Agency  (EPA) 


pit.  conductivity,  alkalinity. 
acidity. SO-.  NOj.  NO^.  NH,. 
total  N.  CI,  total  P.Na.K.Ca. 
Mg.  Si.  TOC,  and  33  metals. 
Thirteen  to kic  organic*  will  be 
ana  lyled  in  the  huJ  k  col  lections 
al  all  sites  and  1 2  sites  will  be 
selected  for  annual  complete 
tome  organic  scans 


The  network  is  to  encompass 
the  area  along  the  8043  km 
US.  shoreline  ol  the  Greal 
Lakes,  from  Minnesota  to  the 
St    Lawrence  River 
Approximately  30  monitoring 
sires  were  active  as  of 
mid  August  |f$l  Thenctwork 
is  expected  to  be  fully 
operational  with  41  sites.  ( 


This   program    replaces   and 
includes  several  sues  from  (he 
Atmospheric  Pollutants 
Loading  Study  erf  EPA  Region 
V,  which  was  initiated  in  1977 


Two  types  of  collectors  are 
current!)  used    an  Aerochem 
Metrics  20]  wet/dry  sampler 
and  a  regular  hulk  collector. 
Later  in  the  project  a  special 
bulk  collection  will  be  used, 
which  separately  collects 
nutrients,  meiak.  and  organic*. 
Wei  and  dr>  deposition 
samples  are  collected  weekly 
and  bulk  samples  monthly 
Ana  Uses  are  performed  at  the 
EPA  Region  V  Central 
Regional  Lab  in  Chicago. 


David  Lueck 

US    EPA-GLNPO-SRS 

536  S   Clark  St 
Chicago.  111.  60605 


University  of  Nevada  Study 


Bureau  of  Reclamation. 
Department  of  Interior: 
State  of  Nevada 


pFI.Na.K.Ca.Mg.Ag.Ce.Fe. 
I,  In.  Mn.  Rb 


The  network  has  included 
collection  of  precipitation 
samples  at  various  sites  in  the 
Sierra-Nevada  Mountains. 
northeastern  Colorado  and 
Antarctica  since  its  inception. 
Currently,  samples  are 
collected  at  approximately  30 
sites  in  the  Truckee-Tahoe. 
Carson-W'alkeT,  and  Spring 
Mountain  catchment  basins  in 
Nevada 


Initial  sampling  took  place  in 
1966 


Since  the  majority  of  samples 
are  in  ihe  form  of  snow, 
mechanical  devices  used  for 
coring  and  profile  analysis  are 
used  in  sample  collection. 
Analyses  are  performed  al  the 
Dcseri  Research  Institute 
Laboratory  in  Reno. 


J    A    Warhurton 
Desert   Research  Institute 
University  of  Nevada  System 
Reno.  Nev    89306 


Tennessee  Valley  Authority 
(TVA)  Network 


Tennessee  Valley  Authority         pH. conductivity, weakacidily.      The  TVA  network  currently 


(TVAL  Electric  Power 
Research  Insthute  (EPRIr 


strong  acidity.  SO4.  NO].  NH*. 
CI.  F,  PO*.  Na.  K.  Mg,  Ca 


consists  of  I  I  monitoring  sites; 
including  trend  stations, 
watershed  collection  sites  and 
sites  located  in  the  vicinity  of 
coal  Tired  power  plants 


Some    monitoring    has    been 
conducted  since  1971  in 
connection  with  various 
studies    Calendar  vear  1979 
marked  the  first  full  year  of 
operation  for  all  It  stations 


Collection  sites  employ  TVA 
wet/dry  precipitation 
collectors  similar  tfi  the 
Aerochem  Metrics  201 
collectors    The  majority  of 
sampling  is  biweekly  wet  and 
bimonthly  dry    Samples  are 
shipped  to  the  TVA  laboratory 
at  Chattanooga,  Tenn.,  for 
analyses. 


W   J.  Parkhurst 
Tennessee  Valley  Authority 
Air  Resources  Program 
River  Oaks  fildg 
Muscle  Shoals.  Ala   35660 


Multi-State  Atmospheric 
Power  Production  Pollution 
Study/Research  in  Acidity 
Trom  Industrial  Emissions 
(MAP3S/RAINE) 


Environmental  Protection 
Agency  ( E  PA ).  Department  of 
Energy  (DOE) 


pH.  conductivity,  SO*.  SO(, 

NO,1NH«ia,PO,.Na.KTCa. 

Mg 


The  network  consists  of  nine 
stations,  mostly  in  the 
northeast 


The  initial  four  Stations  began 
operating  in  1976  and  an 
additional  four  began  in  1978 
Oak  Ridge  National 
Laboratory  was  added  as  the 
ninth  sue  in  early  1981 


Modified  wet  only  Balletic 
precipitation  collectors  are 
being  replaced  by  HA5L 
automatic  wet-only  collectors. 
Samples  aie  collected  on  a 
modified-cvenl   basis  defined 
by  ihe  operator  and  are 
shipped  to  Pacific  NW 
Laboratories  for  analyses 


M.  Terry  Dana 

Batielle.  Pacific  NW  Uborstc 
P  O    Box  999 
Richland.  Wash   99352 
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Table    1.5    (continued) 


Study/Network 


Funding 
organirslion 


Parameters 
monitored 


Great  Smoky  Mountains 
National  Park  Precipitation 
Network 


U.S.  Forest  Service 


pH.  conductivity,  SO..  NO,, 
turbidity 


Extent  and 
location 


Period  of 
operation 


Sampling  and 
analysis 


Contact 


The  network  cumuli  of  four 
sites  at  lower  elevation  (6 10  to 
7)0  ml:  two  in  Tennessee  and 
two  in  North  Carolina  A  fifth 
site  is  located  at  Clingman's 
Dome.  North  Carolina 
(1830  ml 


Monitoring  began  in  early 
I97» 


The  Elkmont  site  is  part  of  the 
NADP  network  and  utilises  an 
Aerochcm  Metrics  201  wet/dry 
collector.  All  sites  also 
collect  wet  precipitation  with 
TVA  collectors.  Dry  deposit  ion 
is  sampled  bimonthly  at  the 
Elkmont  site.  Wet  deposition 
is  sampled  weekly  at  all  sites. 
Analyses  arc  performed  at  the 
Uplands  Field  Research 
Laboratory. 


Lab  Director 

Uplands  Field  Research 

Laboratory 
Twin  Creeks  Area 
Route  2 
Gathnburg,  Term.  377)1 


Staik 


Clemson  University 
Expert  men! 


Clemson  University 


Sulfur  in  air  and  precipitation 
at  I)  sites;  pH.  conductivity, 
SO..  NO,. CI.  PO..  Na.  K.Ca. 
and  Mg  at  the  NADP  site. 


The  sulfur  network  consists  of 
IS  sites  throughout  South 
Carolina,  three  of  which  are 
I  tie  sa  me  as  operated  du  ring  a 
19)1  lo  19)3  monitoring 
effort  Clemson  also  operates 
one  NADP  station. 


Clemson  has  monitored  sulfur 
from  193)  to  1933.  and  from 
197)  lo  present  The  NADP 
site  was  initialed  in  1979. 


Each  sue  in  the  sulfur  network 
collects  precipitation  in  three 
liter  plastic  bulk  buckets  and 
sulfur  in  air  using  PbOi  candles. 
Sampling  occurs  every  30  day* 
to  replicate  1953-53  sampling 
conditions.  The  NADP  site 
collects  weekly  wet  samples  and 
bimonthly  dry  samples  with  an 
Aerochem  Metrics  201  wet/dry 
precipitation  collector.  NADP 
analyses  are  performed  at  the 
Illinois  State  Water  Survey. 


US.  Jones 

Department  of  Agronomy  A  Soils 
277  P  A  AS  Building 
Clemson  University 
ri*m«>n.  S.C.  29631 


CO 


Ror  ida  Acid  Deposition  Study 


Florida  Electric  Power 
Coordinating  Group 


pH,  conductivity.  SO..  NO,. 
NO,.  NH..  CI.  PO..  Na.  K. 
Ca.  Mg 


The  network  includes  14  sites 
throughout  Florida 


Collection  started  at  all  sites  in 
July  1911  and  will  continue  for 
three  years. 


The  study  utilizes  Aerochem 
Metrics  J01  wet/dry  collectors, 
with  all  sites  having  weekly 
collection  and  two  sites  having 
colocated  daily  collection. 
Analyses  will  be  performed  by 
Environmental  Science  and 
Engineering.  Inc. 


Sill  Palmer 

Florida  Electric  Power 

Coordinating  Group 

402  Reo  St..  Suite  214 

Tampa.  Fla.  3)609 


USGS  New  York  Slate 
Precipitation  Monitoring 
Network 


U.S.  Geological  Survey 
(USGS) 


pit.  conductivity.  SO..  NO,. 
NO,,  NH».  organic  N, CI. total 
P.  Na.  K.  Ca,  Mg.  Pb, 
bicarbonate  when  the  pH  is 
greater  than  4.3 


The  network  began  with  nine 
stations,  of  which  five  art  stilt 
in  existence.  The  network 
currently  includes  1 2  stations. 


The  network  was  established 
in  October  1964. 


The  network  collects  bulk 
precipitation  monthly  but  is 
in  the  piocess  of  converting 
in  stations  to  Aerochem 
Metrics  301  wet/dry  samplers, 
which  will  sample  on  I  he  event 
basts  whenever  an  event  is 


Roy  Schioedet 

USGS 

P.O.  Boa  1330 

Albany.  NY.  12201 


Tab  I  e    1,5    (con  it  inued) 


Minnesota/Wisconsin  Power 
Supply  Group  Precipitation 
Monitoring  Prognm 


Minnesota/Wisconsin  Power 
Supply  Group 


The  following  parameters  are 
measured  for  wei  precipitation 
pH.SO4.NO1,  NO,.  NH..  Br. 
CI.  F.I.  PO-.  Na.K.Ca.Mg. 
Al.B.Cu.Fe.Mn.Ni.  Pb.and 
Zn.  Dry  deposition  samples 
arc  analyzed  Tor  SO*.  NO,. 
NO,,Br,a.  F.  I.PO*.  K.Ca. 
Al.  As.  Ba.  Fe.  Hg.  Mn,  Pb.  S. 
Si.  V.  and  Zn. 


This  summer-sampling 
network  consisted  of  six  sties 
distributed  throughout 
Minnesota  and  one  site  in 
southwest   Wisconsin  during 

mi 


Various  acid  rain-related 

monitoring  activities  have 
been  conducted  by  the 
University  ol  Minnesota  since 
1973.  The  first  year  of  funding 
by  the  Minnesota/  Wisconsin 
Power  Suppliers  Group  was 
in  1981. 


Each  site  is  equipped  with  a 
we l/dry  pi-ectpiUt  ion  collector 
designed  by  the  University  of 
Minnesota.  Wet  samples  are 
collected  sequentially  on  a 
sub-event  <0  23  cm) basis  (mm 
mid-April  to  the  end  of 
October.  Samples  are  picked 
up  within  48  h  of  collection 
and  analyses  are  performed  at 
(he  University  of  Minnesota. 
Dry  deposition  is  collected  for 
24  h  every  si  tin  day.  using 
virtual  impaction  dichotomours 
air  samplers. 


S    V.  Krupa 

Department  of  Plant  Pathology 

1513  Gortner  Ave. 
University  of  Minnesota 
St.  Paul,  Minn.  351QS 


Texas  Air  Control  Board 

Precipitation  Chemistry 
Network 


Texas  Air  Control  Board 


pH.  SO<.  NO,,  NH« 


The  network  began  with  three 
sites  across  Tesas.  with  a 
fourth  site  added  later. 


The  initial  three  sites  began  Sampling  is  done  with  a  funnel 

sampling  in  mid-1979  and  the  collector  on  the  event  basis, 

fourth  site  was  added  six  with  a  pH  electrode  used  at  the 

months  later  TwoNADPsites  site  to  determine  sample  pH. 
will  be  added  in  early  1982. 


T.  H.  PorteT 

Texas  Air  Control  Board 

6)30  Highway  290  East 
Austin.  Tex.  78723 


Wisconsin  Acid  Deposition 
Monaonng  Project 


Wisconsin  Utilities 
Association 


pM.  conductivity,  total  acid- 
ity, strong  acidity,  SO.,  NO,. 
Nil*,  CI,  Na.  K.Ca.Mg.  Al. 
PO«  and  alkalinity  (in  order  of 
priority  in  the  case  of  small 
sample  volume). 


The   network   will  consist  of 
three  sites:  one  each  in 
northwest,  central,  and 
southeast  Wisconsin. 


The  network  is  scheduled  to 
begin  operation  in  late  March 
1982  and  to  continue  for  24 
months. 


Wet  deposition  will  be 
collected  daily  using  an 
Aerochcm  Metric*  301 
sampler.  Dryfalt  will  be 
collected  biweekly  at  the 
northwest  site    pH  and 
conductivity  will  be  measured 
at  the  site  and  (he  remainder  of 
the  sample  will  he  shipped  to 
Pacific  NW  laboratories  for 
analyses. 


John  Flick  inger 
Wisconsin  Power  and  Light 

Company 
222  West  Washington  Ave. 
P.O.  Box  992 
Madison.  Wis.  53701 


Precipitation  Chemistry  in 
North  Dakota  Study 


Water  Resources  Division. 
U  S  Geological  Survey 
(USGS):  North  Dakota 
Slate  Health  Department 


pH.  conductivity,  alkalinity, 
SO*.  NO,,  NH,.  CI.  F,  PO*. 
Na.  K,  Ca.  Mg,  Al.  Ag,  As. 
Cd.  Cr.  Cu.  Fe,  Hg.  Mn.  Mo. 
Ni.  Pb.  S«.  V.  Zn 


Currently  the  North  Dakota 
State  Health  Department 
operates  two  sites  (Dunn 
Center  and  Woodworth).  The 
USGS  operated  three 
additional  sites  (Wibaux. 
Beulah.  and  Gascoyne)  until 
October  198  J 


The  North  Dakota  State 
Health  Department  sites, 
Dunn  and  Woodworth.  were 
initialed  in  October  1980  and 
June   1981.  respectively,  and 
are  funded  through  the  end  of 
I9M    The  USGS  sites  began 
collection  in  May  1981. 
Several  or  all  of  the  USGS  sites 
may  resume  operation  in  1982. 


The  North  Dakota  State 
Health  Department  sites  use 
Aerochem  Metrics  collectors. 
sampling   wet  deposition  on 
Ihe  event  basis  and  dry 
deposition  monthly.  Analyses 
are  performed  by  the  North 
Dakota  State  Health 
Department    The  USGS  sites 
used  colocated  Aerochcm 
Metrics  and  Leonard  Mold  and 
Die  collectors,  sampling  wet 
deposition  on  the  event  basis 
and  dry  deposition  monthly 
Analyses  were  performed  by 
ihe  USGS  laboratory  in 
Denver. 


Robert  L.  Houghton 
USGS,  WRD 

821  E.  Interstate  Ave. 
Bismarck.  N.D   38501 

Robert  Angelo 

North  Dakota  Stale  Health 

Department 
Division  of  Environmental 

Research 
1200  Missouri  Ave. 
Bismarck,  N.D.  38505 


{continued  on  next  page) 


Table    1 . 5    (continued) 


Study/Network 


Funding 
organization 


Parameters 

monitored 


Client  and 
location 


Period  of 
operation 


Sampling  and 
analysts 


Contact 


Local; 


Wet  Deposition  in  Southern 
California  Study 


Southern  California  Edison 
Company 


pH,  conductivity,  alkalinity.     The  network  consists  of   13 
acidity,  SO.,  NO,.  NOi.  NH.,     stations  within  a  80  k  m  radius 
CI.Na.K.Ca.Mg.AI,  Fe.Ni,     of  Los  Angeles  and  two 
Pb.  V  stations  in  the  east  central 

California  desert. 


The  Los  Angeles  area  stations 
began  collection  during  the 
1979-10  winter  rainy  season. 
The  two  desert  sites  began 
collection  in  1911  and  will 
continue  to  collect  all  wet 
deposition  through  at  least 
1983. 


Wet-only  precipitation  is 
collected  on  the  event  basis 
using  a  rain-triggered  funnel 
arrangement,  which  separates 
the  sample  into  an  initial  0.1 
inch  increment  and  a  "rest  of 
event"  sample.  Measurements 
arc  performed  by  Global 
Geochemistry  Corporation  in 
Canoga  Park,  Calif.     pH. 
acidity, conductivity,  and  Ml* 
are  measured  within  12  h  after 
collection. 


E.  C.  Ellis 

Southern  California  Edison  Co. 

Research  and  Development 

P.O.  Boa  BOO 

Rosemead.  Calif.  91770 


McDonald's  Draneh 
Watershed  Network 


University  of  Pennsylvania, 
Yale  'University 


pH.  conductivity.  NO,.  NH,. 
loial  P.  Na.  K.  Ca.  Mg,  Al.  Cd, 
O.Cu.Fe.Mo.Mn.NLPb.Zn 


Ten  precipitation  collectors  are 
located  within  a  6  km1  area  in 
the  McDonald's  Branch 
Watershed,  which  is  situated 
in  the  Lebanon  Stale  Forest  of 
the  south  New  Jersey  pine 
barrens. 


Initial  sampling  began  in  May 
1971  and  the  status  ol  the 
network  will  be  reviewed  after 
the  initial  three-year  sampling 
period. 


Funnel-type  bulk  collectors 
with  evaporation  traps  ire 
located  at  nine  of  10  stations. 
A  project-designed  wet-only 
precipitation  collector  is 
located  at  the  tenth  site. 
Sampling  has  varied  from 
event  tn  biweekly  to  monthly 
(currently).  Analyses  are 
performed  at  the  University  of 
Pennsylvania  and  Yale 
University. 


Arthur  H   Johnson 
Department  of  Geology 
University  of  Pennsylvania 
240  South  33rd  St. 
Philadelphia.  Pa.  19104 


o 


Tesuque  Watershed 
Precipitation  Network 


University  of  New  Mexico 


pH,  conductivity,  NO,.  NH., 
organic  N.  CI.  Na.K.Ca.Mg. 
Cu.  Fe.  Pb 


The  network  consists  of  nine 
monitors  in  the  Tesuque 
Watershed  of  the   Santa   Fe 
National  Forest. 


The  network  is  part  of  a  study 
conducted  by  the  University  of 
New  Mexico  since  1971. 


Samples  are  collected  using 
funncl-and-bottle  bulk 
collection  devices  for  rain. 
Snow  is  collected  in  open, 
exposed  containers.  Summer 
sampling  is  weekly  or  more 
frequently.  Winter  samples  are 
collected  once  containers  are 
full  of  snow.  Samples  arc 
analysed  at  the  University  of 
New  Mexico. 


James  R.  Goal 
Department  of  Biology 
Room  173 

University  of  New  Mexico 
Albuquerque.  N.M.  17131 


Monongahela  National 
Forest  Study 


U.S.  Forest  Service 


pll.  conductivity,  total 
alkalinity,  total  acidity.  SO., 
NO,.  NO,.  CI,  PO..  Na.  K. 
Mg.  Al.  Cu.  Mn.  Pb.  Zn 


Initially  the  network  included 
24  sites  statewide  but  currently 
only  eight  sites  eiist. 


The  first  site  began 
monitoring  in  1972.  Since  late 
I9S I,  only  pH  and 
conductivity  analyses  have 
been  performed. 


Wet  and  bulk  deposition 
samples  are  collected  on  a 
variety  of  lime  schedules 
(event,  weekly,  biweekly  and 
monthly)  with  Bedford  rain 
gages.  Analyses  are  conducted 
at  the  Monongahela  National 


Forest  Hydrologisl 
Monongahela  National  Forest 
U.S.  Forest  Service 
PO   Boa  I54g 
Elkint,  W.  Va.  2624) 


Table    1.5    (continued) 


N  AS  A/Kennedy  Space  Center 

Network 


National  Aeronautics  A  Space 
Administration  (NASA) 


Washington.  DC. 
Precipitation  Network 


National  Oceanic  and 
Atmospheric  Administration 
(NOAA) 


Maryland  Geological  Survey 
Add  Precipitation  Project 


U.S.  Geological  Survey 
(USG5I.  Environmental 
Protection  Agency  (EPA) 


Tahoe  Monitoring  Program 


University  of  California  at 
Davis,  California  An 
Resources  Board.  California 
Stale  Water  Resources 
Control  Board 


Integrated  Lake  Watershed 
Acidification  Study  (ILWAS) 


Electric  Power  Research 
Institute  (EPR  1 1 


pH.  conductivity.  H.  excess 
SO,,  marine  SO..  NO>.  NH,. 
CI.  F,  Na.  K.  Ca.  Mg 


pH.  conductivity,  and 
occasionally  a  full  chemical 
analysis  for  major  ions 


The  network  consists  of  seven 
sites  within  a  400  km1  area  in 
central  Florida.  At  one  lime. 
14  sites  covering  700  km1  were 
in  operation 


The  study  presently  includes 
six  sites  in  the  Washington. 
D.C..  area. 


pH.  conductivity,  acidity.  SO., 
NO,,  NO.,  NH..  Br,  CI.  F.  P. 
PO..  Na.  K.  Ca.  Mg.  Be,  C. 
Cd.  Cr,  Cu.  Fe,  N..  Pb,  Si.  Zn. 

anthropogenic  organic 
compounds,  filtralable  solids 


Si>  samplers  are  located  on 
the  Maryland  portion  of  the 
Chesapeake  Bay:  three  each  on 
the  western  and  eastarn  sides 


pH.  conductivity,  alkalinity. 
SO,.  NO,.  NH,.  DON.  CI. 
PO..  Na.  K.  Ca.  Mg 


Five  sites  are  located  in  the 
Tahoe  Basin,  approximately 
260  km  northeast  of  the  San 
Francisco  Bay. 


pH,  conductivity.  SO..  NO,.      ILWAS  currently  consists  of 


NH,.  CI.  Na.  K.CaandMg 
Al.  DOC.  total  P.  and  total 
acidity  analyses  were 
performed  in  [he  past. 


four  watershed  sites  on  the 
western  slope  of  the 
Adirondack  Mountains  in 
New  York  stale  near  Old 
Forge.  The  network  operates 
up  to  seven  samplers 


The  network 
July  1977. 


was  initiated  i 


The  network  began  operation 
in  April  1974. 


Sampling  began  in  March 
1981 


Monitoring  has  existed  since 
November  1978,  initially  as  a 
member  of  the  UC/CARB 
network,  which  ended  in  May 
1979.  Al  least  three  more  years 
of  funding  are  expected. 


Sampling  began  in  March  1978 
and  should  continue  through 
the  end  of  1981 


Aerochem  Metrics  model  201 
precipitation  collectors  arc 
used  to  sample  wet 
precipitation  weekly  al  six  sites 
and  daily  at  one  site  Samples 
are  analyied  at  the  J.  F. 
Kennedy  Space  Center. 

Bulk  samples  are  collected 
daily,  with  pH  and 
conductivity  measured  within 
48  h  at  the  NOAA  Air 
Resources  Laboratory  in 
Silver  Spring.  Occasionally,  a 
full  chemical  analysis  for 
major  ions  is  performed  at  the 
University  of  Virginia. 

Wet  and  dry  samples  are 
collected  in  automatic 
collectors   Wet  events  of  one 
inch  or  greater  over  a  24  h 
period  arc  collected.  Dryfail 
samples  are  allowed  to 
accumulate  for  at  least  three 
months.  Analyses  are 
performed  by  the  Maryland 
Geological  Survey,  except 
anthropogenic  organic 
compounds!  Virginia  Institute 
of  Marine  Science)  and  trace 
metals  in  particulates 
(National  Bureau  of 
Standards). 

The  network  now  operates 
three  wet/dry  stations  and  two 
bulk  deposition  stations.  The 
wet/dry  sites  use  Aerochem 
Metrics  201  wet/dry  collectors, 
sampling  on  the  event  basis. 
Tipping  bucket  bulk 
deposition  collectors  are  used 
at  all  five  sites.  Dry  samples 
are  collected  concurrently  with 
wet  samples,  or  at  least  weekly 
during  dry  periods  Analyses 
are  performed  at  the  University 
of  California  laboratories  at 
Tahoe  and  Davis. 

All  sites  employ  Aerochem 
Metrics  20 1  wet/dry  samplers. 
Wet  deposition  is  collected  on 
an  event  basis  and  dry 
deposition  is  collected  weekly. 
Bulk  samplers  also  are  located 
at  each  site,  with  collection  on 
the  event  basis.  Analyses  arc 
conducted  at  the  Rensselaer 
Polytechnic  Institute 


W   Knott 
MD-RSB-2 

J.  F.  Kennedy  Space  Center 
Cape  Canaveral.  F  la   32899 


John  M.  Miller 
NOAA-Air  Resources 

Laboratory 
8060  13th  St 
Silver  Spring.  Md.  20910 


Robert  D   Conkwright 
Maryland  Geological  Survey 
2100  Guilford  Ave. 
Baltimore.  Md.  21218 


I 


Robert  C   Leonard 
Director,  Tahoe  Monitoring 

Program 
P.O.  Box  1125 
Tahoe  City.  Calif.  957J0 


A.  II   Johannes 

Department  of  Environmental 

Engineering 
Rensselaer  Polytechnic  Institute 
Troy.  NY    12111 
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Table    1.5    (continued) 


Study/Network 


Funding 
Organitalion 


Parameters 

monitored 


Eitcnl  and 

location 


EMI   Deposition  Chemistry 
Study 


Department  of  Energy  ( DOE), 
Environmental  Measurement* 
Laboratory  (F.ML| 


pFI.  conductivity.  SO..  NOi. 
NII..CI.PO..Na.K.Ca.Mg. 
bicarbonate  Tract  metals  (Al. 
As.Cd.Cr.Fe.Mn.Ni.Pb.V, 
Zn)  are  measured  in  samples 
from  each  lite  every  three 
months 


The  networlt  included  seven 
stations  nationally  from  its 
inception  until  June  1 98 J. 
Sampling  outside  the  New 
York-New  Jersey  region  ended 
in  June  1981,  but  additional 
sampling  sites  are  being  set  up 
within  that  smaller  region. 
Currently  (our  sites  tiisl,  two 
each  in  New  York  city  and 
New  Jersey. 


Period  of 
operation 


Sampling  an 
analysis 


Contact 


The  network  was  established 
in  July  1976 


The  net  work  collects  bulk .  wet 
and  dry  samples  monthly, 
event  samples  also  ate 
collected  HASLand  Aerochem 
Metrics  collectors  are  used  to 
obtain  the  wet  and  dry 
samples.  Analyses  are 
performed  by  Rockwell 
International,  Inc 


Herb  Feety 

DOE-EML 

J 76  Hudson  St 

New  York,  NY    10014 


Effects  of  Enetgy  Production 
Emissions  on  Colorado  Lakes 


US   Geological  Survey 
(USGS) 


pH,  acidity.  SO..  NO,. 
NO).  NH.,  organic  N.Br,  CI. 
F.  PO,.  Na.  K.  Ca.  Mg 


The  network  consists  of  fout 
sites  in  northwestern 
Colorado. 


Sampling  began  at  one  site  in      Wet  and  dry  deposition  is  John  T.  Turk 


Decembei  1980 


sampled  with  variable 
frequency  using  Leonard  Mold 
and  Die  collectors   Samples 
are  analytcd  at  the  USGS  lab 
in  Denvet,  Colorado. 


USGS 

Building  33,  Mail  Stop  413 
Denver  Federal  Center 
Lakewood.  Colo  80223 


N> 


Atmospheric  Inputs  to  the 
Chesapeake  (ATIC)  Study 


Environmental  Protection 
Agency  (EPA) 


pH.  conductivity.  SO.,  NO,, 
NOi.NHi.CI.  F.  PO.,  Na,  K, 
Ca,  Mg.  Be.  Cd,  Cr.  Cu,  Fe, 
Mn.Ni.Pb.Si.Zn.TOC.TlC. 
hydrocarbons 


The  network  consists  of  four 
stations  on  the  lowei 
Chesapeake  Bay  in  Virginia. 


Sampling  was  initiated  in 
December  I9H0    Present 
funding  ends  in  Match  1983. 


Aerochem  Metrics  301  wet/dry 
collectors  are  used  to  sample 
wet  events,  which  arc  collected 
as  soon  as  possible  after  the 
event  Analyses  are  conducted 
at  the  Department  of 
Oceanography.  Old  Dominion 
University. 


Terry  L    Wade  or 

George  T.  Wong 

Old  Dominion  University 

Department  of  Oceanography 

Norfolk.  V,    21 'MIS 


Chemical  Quality  of 
Atmospheric  Deposition  in 
Alabama  Study 


U.S.  Geological  Survey 
(USGS, 


pH,  conductivity,  alkalinity, 
SO..  NO,.  NH..  Na.  K.  Ci. 
Mg.  A).  Cd.  Cu.  Fe.  Mn.  Pb.  Zn 


This  network  will  consist  of 
thiec  sites  in  central  Alabama 


Initial  sampling  will  begin  in 
January  1982. 


Wet  samples  are  collected  bot  h 
after  major  rainfall  events  and 
weekly.  The  first  three 
parameters  are  measured  in 
the  Field  All  other  analyses  are 
made  at  the  Geological  Survey 
of  Alabama  laboratory. 


Ira  A   Giles 

USGS 

13 1 7  Mt  Far  land  Boulevard.  East 

Tuscaloosa.  Ala.  33403 


West  Point  Area  Study 


Environmental  Protection 
Agency  (EPA).  Army 
Research  Office. 


pH.SO..  NO,.  NH..CI,  CO.. 
Na.  K.Ca.  Mg 


Two  sites  are  located  10  km 
apart  on  the  U.S.  Military 
Academy  Reservation  in  West 
Point.  New  York. 


Collection  has  occurred 
inter  mil  lent  ly  since  1976  al  OIK 
site.  A  second  site,  to  be 
colocaled  with  a  NADP  site, 
will  be  activated  in  spring 
1912. 


Collection  is  on  the  event 
basis.  Collection  is  by 
intensity-weighted  wet-only 
samplers  that  break  a  storm 
into  0  01  inch  "increments." 
pH  is  measured  in  the  Field 
and  other  analyses  are 
conducted  in  the  Science 
am      * '     ggssssssssi  '    "  '  flrlsssssl 


Major  John  K.  Robertson 
Science  Research  Laboratory 
U.S.  Military  Academy 
West  Point.  NY.  10996 


• 


Tabic    1 


5    (continued) 


ttcer*n-T  coMn.tTTj>: 

Northeastern  Region  Snow 
Chemistry  Reconnaissance 
Study 


Water  Resource  Division 
(WRD).  US  Geological 
Survey  (USGS) 


pH.  conductivity.  SO.,  NOi.      The  network  consisted  of  IKO      The  network  operated  from       Collectors  consisted  of  IS 


NOi.  NH..  F,  K,  Ca.Mi.  As. 
Ba,  Be.  Cd.  Co,  Cu.  Fe.  Hg. 

Li.Mn.Mo.  Ni.  Pb,  Se.Si,  V, 
Zn,  TIC.  The  suspended 
material  from  20  sites  will  be 
analyied  for  semiquantitative 
determinations  of  10 
elements  and  10  major 
inorganic  constituents. 


sites  emending  from  Maine  to 
Minnesota  and  south  to 
eastern  West  Virginia  and 
western  Maryland. 


approximately  December  1990 
through  March  1981. 


inch  diameter.  6  foot  high 
cardboard  lubes  (sonotubei) 
with  polyethylene  bags. 
Three-month  bulk  collections 
were  conducted.  All  analyses 
were  done  by  the  National 
Water  Quality  Laboratory  in 
Denver.  Colo. 


Norman  E    Peters 
WRD.  USGS 
P  O.  Bon  7*4 
Albany.  NY.  12201 


Oxidation  Scavenging 
Characteristics  of  April  Ram 
(OSCAR)  High-Density 
Precipitation  Chemistry 
Experiment 


This  project  was  undertaken  as 
part  of  the  MAPJS/RAINE 
study,  which  is  supported  bv 
the  Environmental  Protection 
Agency  (EPA)  and  the 
Department  of  Energy  |  DOE) 


pll.  conductivity.  SO..  SOi. 
NO,.  NO,.  NH..  CI.PO..  Na. 
K.  Ca.  Mg.  Al,  Pb 


The  high-density  network 
consisted  of  47  sites  within  a 
100  km'  area  surrounding  Ft 
Wayne.  Ind 


The  project  operated  for  four 
precipitation  events  during 
April  1981. 


Each  site  was  equipped  with  a 
nine-stage  sequential 
precipitation  collector.  The 
first  eight  stages  each  collected 
0.7  mm  of  precipitation  and 
the  final  stage  collected  the 
remaining  precipitation  of  the 
event,  up  to  II  mm.  All 
analyses  (except  field  pH)  were 
conducted  at  Pacific  NW 
Laboratories  in  Richland. 
Wash. 


Richard  C   Easier 

Handle.  Pacific  NW  Laboratories 

P  O    Box  999 

Richland.  Wash   99352 


Oiid« (to-n  Scavenging 
Characteristics  of  Apnl  Rain 
(OSCAR)  Tnlermediate- 
Density  Network 


This  project  was  undertaken 
aspartoflheMAP3S/RAlNE 
study,  which  ii  supported  by 
the  Environment!.  Protect  ion 
Agency  (EPA)  and  the 
Department  of  Energy  { DOE) 


pH.  conductivity.  SO*.  NO], 
NO,.  NH«.  CI.  PC,  Na.  K, 
Ca,  Mg,  Al 


The  intermediate-density 
network  consisted  of  each  of 
(he  nine  MAP3S  sites  adding 
from  one  to  five  sate, lite 
sites,  plus  1 1  stations  not 
connected  with  the  MAPJS 
program,  for  a  total  of  38  sites 
throughout  (he  northeast.  This 
density  provided         , 
approximately   100-150  km 
spacing  between  stations. 


The  project  operated  during 
four  precipitation  events  in 
April   1 9 HI 


The  intermediate-density 

network  sampled  precipitation 
sequentially  using  a  funnel  and 
rar  collection  system.  All 
analyses  (except  field  pHl 
were  conducted  at  Pacific  N  W 
Laboratories  in  Richland, 
Wash. 


Gilbert  S.  Raynor 
Department  of  Energy  A 

Environment 
Brook haven  National  Laboratory 
Upton.  N.Y.  11973 


Acid  Precipitation  in  Hartford. 
Conn.  Area  Study 


TRC  Environmental 
Consultants.  Inc. 


pH 


This  network  consisted  of  12 
stations  within  a  41  km  radius 
of  Hartford.  Conn 


Initial  sampling  began  in 
August  1MB  However,  quality 
assurance  analyses  indicated 
problems  with  pH 
determination  and  operation 
was  suspended  in  September 
1981  The  network  is  currently 
under  review. 


Samples  were  collected  in  a 
plastic  wedge-type  rain  .gage 
on  the  event  basis. 
Occasionally  sequential 
sampling  was  undertaken.  pH 
measurements  were 
determined  by  the  use  of 
narrow  range  pH  paper. 


Michael  Anderson 

TRC  Environmental  Consultants. 

Inc. 
800  Connecticut  Ave. 
E    Hartford.  Conn   06108 


EPRI  Eastern  Regional 
Chemist  17  Network 


Electric  Power  Research 
Institute  (EPRI) 


pH.  acidity.  SO,.  NO,.  NH.. 
CI.  PO«.  Na.  K,  Ca.  Mg.  DOC. 
Al,  total  acidity,  and  strong 
acidity 


The  network  originally 
consisted  of  nine  sites  spread 
throughout  the  northeastern 
United  States. 


Sampling  was  initiated  in 
August  1978  and  completed  in 
June  1980. 


Each  site  was  equipped  with 
two  Aerochem  Metrics  201 
wet/dry  collectors.  Wet-only 
samples  were  collected  daily 
and  combined  over  a  week. 
Samples  were  analyzed  by 
Rockwell  International,  Inc. 


Ralph  Perhac 

Energy  Analysis  A  Environment 

Division 
Electric  Power  Research 

Institute 
3412  Hillview  Ave. 
Palo  Alto.  Calif  94304 


{continued  on  next  page) 


Table    1.5    (continued) 


Orange  County  Network 


Environmental  Management 
Agcncv.  Count*  of  Orange, 
California 


pH,  conductivity,  SO..  NO, 
plus  NOi.  NH..  TKN.  PO.. 
Pb.  Zn.  TDS 


This  network  conuste d  of  1 1 
•ties  from  1974  io  I97H  in 
Orange  County,  approximately 
60  km  southwest  of  Loi 
Angeles.  The  network  *1» 
reduced  to  two  sites  in  1979. 


Thai  network  was  established 
with  Iwo  sites  in  I97J. 


The  network  uses  a  self- 
designed  wet-only 
precipitation  collector  and 
sampling  is  on  the  event  basil. 
Analyses  are  performed  by  a 
contractor  laboratory  under  a 
quality  control  program 
administered  by  the 
Environmental  Research 
Laboratory  of  Orange  County. 


Chief  o(  Environmental 

Management  Agency 
Environmental  Management 

Agency 
Environmental  Resources  Section 
PO   Boa  4041 
Santa  Anna.  Calif  92702 


University  of  Colorado  Study 


US  Forest  Service  (through 
the  Elsenhower  Consortium). 
University  of  Colorado 


pH.  conductivity.  II.  SO«. 
NO,.  NO,.  NH,.  organic  N. 
CI.  P.  Na.  K.  Ca,  Mg.  DOC. 
and  DON  Also.  C.  H.  N.  and 
P  in  dry  particulate  miner 


One  sue  wit  h  I  wo  stations  one 
kilometer  apart  is  operated  in 
the  Como  Creek  Watershed. 
Boulder  County.  Colorado. 


Sampling  began  in  the  spring 
o(  I97J. 


Bulk  deposition  is  collected 
weekly  and  analyses  are 
generally  performed  within 
si*  hours  of  collection  at  the 
I  Inivrisny  of  Colorado 
laboratory  A  dry-only  fraction 
was  collected  and  analyzed  lor 
five  and  one-half  years 


Michael  C.  Grant 

Depart  mem  of  Environmental, 

Population  A  Organismic 

Biology 
Univcriily  of  Colorado 
Bouldei.  Colo.  80309 


Shenandoah  Watershed 
Acidification  Studs 


Air  Quality  Oilier.  National 
Park  Service 


Hubbard  Brook  Ecosystem 
Study- 


National  Science  Foundation 


ptl,  conductivity.  SO..  NOj, 
Nil..  (I.  Na.  K.  Ca.  M«   Si 


pH.  conductivity.  SO..  NO,, 
Nil..  CI.  P.  Na.  K.  Ca.  Mg 
and  SiOi  Occasionally  At. 
DOC.  and  DON  are  tested 
for  Trace  metal  sampling 
esisted  from  1975  to  December 
1979  and  has  recently  been 
resumed. 


The  studv  includes  two 
watersheds  centered  37  km 
northwest  of  Charlottesville. 
Va. 


Two  to  four  sites  are  located 
within  the  3035  hectarr 
watershed  near  West  Thornton. 
N  H    The  number  of  sites 
depends  on  the  number  of 
projects  in  operation. 


The  network  began  operation 
during  November  1979. 


Precipitation  samples  havi 
been  collected  since  1963. 


The  study  utilizes  Hubbard 
Brook -type  funnel  collectors. 
Analyses  are  performed  at  the 
Department  of  Environmental 
Sciences.  University  of 
Virginia. 


Weekly  bulk  precipitation  it 
collected  in  Hubbard  Biook- 
type  funnel  collectors.  One 
NADP  tile  is  located  within 
the  Hubbard  Brook 
Espcnmenlal  Forest,  with 
collection  performed  using  an 
Aerochem  Metrics  201  wet/dry 
collector.  At  this  site,  the  study 
also  maintains  a  similar 
wel/dry  sampler    pll  and 
conductivity  are  measured  at 
the  site   Samples  are 
shipped  to  Cornell  University 
for  chemical  analysis. 


James  N   Galloway 
Dept  of  Environmental  Sciences 
University  of  Virginia 
Charlottesville.  Va.  22903 


G.  E   Likens 

Section  of  Ecology  A  Systematica 

Langmun  Lab 
Cornell  University 
Ithaca.  NY    14850 


x- 


University  of  Arkansas  Site 


Office  of  Water  Resources 
Research.  U  S  Department  of 
the  Interim 


pH.  conductivity.  SO.,  NO,. 
NH..  PO,,CI.K.Na.Ca.Mg. 
Fe.  Mn.  Zn 


The  single  nation  is  located 
at  Fayetlcville.  Ark 


Current  collection  and 
analysis  procedures  have  been 
in  use  since  April  1910.  Other 
monitoring  efforts  have 
esisted  for  several  year*.  The 
site  is  also  a  member  of  the 
NADP  network  linee  May 

mo. 


The  site  is  equipped  with  an 
Aerochem  Metrics 201  wet/dry 
sampler.  A  second  wet/dry 
colleclor  collects  wet 
deposition  episodically  and 
dry  deposition  bimonthly. 
Trace  metal  analyses  are 
performed  at  the  University  of 
Arkansas  laboratory,  with 
other  analyses  performed  at 
the  Illinois  Stale  Water  Survey 


George  H   Wagner 
Geology  Department 
University  of  Arkansas 
Fayetlcville.  Ark.  72701 


{continued  on  next  page 


Tabic    1.5    (continued) 


Study/Network 


Funding 
organization 


Parameters 
monitoied 


Estenl  and 
location 


Oak  Ridge  National 
Laboratory  (ORN1  )  Site 


University  of  California  at 
Berkeley  Study 


Within-Event  Sequential 
Precipitation  Chemistry 
Study 


Global  Precipitation 
Chemistry  Project  IGPCP) 


Department  of  Energy  (DOE). 
Electric  Power  Research 
Institute  (EPRI) 


pH.  conductivity,  SO4,  NO,, 
NH.,Cl,PO.,Na.K.Ca.Mg. 
Cd.  Mn,  Pb.  Zn.  strong  and 
weak  acidity 


California  Air  Resources 
Board.  Agricultural 
Enpenment  Station  of  the 
University  of  California  •■ 
Berkeley 


Department  of  Energy  (DOE), 
Environmental  Protection 
Agency  (EPA) 


pH.  conductivity,  SO..  NO,, 
NH..  CI.  Na.  K,  Ca.  M|.  Fe. 
Mn.  Zn.  CI.  Fe 


Currently  one  centralized 
monitoring  site  is  used  for  the 
collection  of  data  for  both  the 
NADPand  M  APJS  networks. 
Previously,  up  10  five 
permanent  stations  esisled  in 
the  Walker  Branch  Watershed. 
Temporary  sites  occasionally 
operate  10  satisfy  various 
research  projects. 


This  site  is  located  at  Berkeley, 
Calif.,  approximately  20  km 
east  of  t  he  San  Francisco  Bay. 


pH.  conductivity.  SO..  NO,. 
NO,.  NH..  CI.  Na 


National  Oceanic  and 
Atmospheric   Administration 
(NOAA),  Environmental 
Protection  Agency  (EPA), 
Department  of  Energy  (DOE) 


pH.  SO..  NO,.  NH..  CI.  Na. 
K,  Ca.  Mg  and  SiO.  Also, 
PO.,  acidity  and  weak  organic 
acids  in  selected  samples. 


One  site  is  located  at 
Brook  haven  National 
Laboratory  in  Upton,  NY. 


Period  of 
operation 


TheORNL  monitoring  effort 
has  enisled  since  1967  for 
hydrological  monitoring  and 
since  1976  for  precipitation 
chemistry  monitoring. 


Initial  monitoring  at  Berkeley 
began  in  December  1974  This 
site  was  also  a  member  of  the 
California  Aii  Resources 
Board  (CARBl  network. 
established  in  November  I97g 
and  completed  in  May  1979 
This  site  has  eiisted  as  an 
independent  site  the  past  two 
rainy  seasons. 

Monitoring  began  in  June 
1976  An  additional  station  ii 
planned. 


Currently  one  North  American 
station,  located  in  central 
Alaska,  is  in  operation.  In 
addition,  the  network  includes 
four  other  sites  (southern 
Indian  Ocean.  Bermuda, 
northern  Australia  and 
southern  Venezuela),  with  a 
siilh  site  in  Argentina 
presently  readying  for 
collection    Future  plans  call 
for  expansion  to  1 1  stations. 


The  network  began  operations 
in  April  19T9 


Sampling  and 
analysis 


Contact 


The  permanent  site  utilizes  an 
Aerochem  Metrics  20 1  wet/dry 
deposition  collector.  Wet 
deposition  samples  are 
collected  weekly  and  dty 
deposition  biweekly,  as  pan  of 
the  NADP  network.  Wet-only 
samples  are  collected  on  the 
event  basis  for  the  MAPJS 
network.  Analyses  arc 
performed  at  the  Illinois  Slate 
Water  Survey,  at  Pacific 
N  W  Laboratories,  and  al  Oak 
Ridge  National  Laboratory. 

Samples  are  collected  on  an 
event  basis  with  an  Aerochem 
Metrics  20 1  wet/dry  collector. 
Analyses  are  performed  al  the 
University  of  California  at 
Berkeley  laboratory. 


S.  E.  Lindberg 

Oak  Ridge  National  Laboratory 
Environmental  Sciences  Division 
Oak  Ridge.  Tents.  J7J30 


Automatic  sequential 
precipitation  samplers 
developed  by  Brookhaven 
National  Laboratory  are  used 
to  collect  hourly  samples 
during  precipitation  events. 
Analyses  are  performed  by  the 
Analytical  Chemistry 
Laboratory  of  Brookhaven 
NationaJ  Laboratory- 
Four  different  types  of 
collectors  are  used  in  the 
GPCP.  depending  on  site 
conditions:  Aerochem  Metrics 
201  wet/dry.  HASL  wet/dry. 
Hubbard  Brook  bulk  and  a 
GPCP-type  collector  designed 
especially  for  this  project. 
Samples  are  collected  on  the 
event  basis  and  special 
measures  are  used  to  minimize 
dry  deposition  in  bulk 
collections    Field  pH  is 
measured  al  each  nation. 
Laboratory  pH  and  all  other 
analyses  are  performed  at  the 
University  of  Virginia. 


John  G   McColl 
Department  of  Plant  *  Soil 

Biology 
University  of  California 
Berkeley,  Calif.  94720 


Gilbert  S   Raynor 
Atmospheric  Sciences  Division 
Department  of  Energy  and 

Environment 
Brookhaven  National  Laboratory 
Upton.  NY.  11973 


James  N    Galloway  or 

William  C.  Keene 
Department  of  Environmental 

Sciences 
University  of  Virginia 
Charlottesville,  Va.  2290J 
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Tabic  I .5  (continued) 


Study/Network 


Funding 
organization 


Parameters 
monitored 


f  mcnl  arid 

location 


California  Air  Resources 
Board.  {CARB)  Network* 


California  Air  Rriourt-n 
Board 


•This  nelwrt.V.   *>•«  rrartivat'd  during  ihe  1911-12  rainy 

season  with  sis  sites,  five  near  Los  Angeles  and  one  near  San 
Diego,  pll  and  conductivity  analyses  were  performed  by  the 
California  Air  Resources  Board  on  samples  collected  weekly 
Future  expansion  is  likely.  (Network  information  updated 
and  footnote  added  in  proof  As  revised,  this  network  entry 
should  now  be  listed  preceding  the  1  ■  hoc  Monitoring  Program 
on  p.  603.) 


The  1971-79  effort  consisted 
of  the  monitoring  of  pH. 
conductivity.  SO..  CI.  Na.  K. 
Ca.  Mg.  Cu.  Fe.  N..  Zn.  and 
occasionally  NH.  and  NOi. 
The  1981-82  effcrt  consisted 
of  pll  and  conductivity 
analyses 


The  IJC/CARB  network 
consisted  of  up  to  eight  sites 
mainly  in  the  central  California 
area  for  the  1971-79  effort. 
Si*  sites,  five  in  the  vicinity  of 
Los  Angeles  and  one  near  San 
Diego,  ensled  for  the  1981-82 
rainy  season 


Period  of 

operation 


Sampling  and 
analysis 


Contact 


The  network  has  operated 
during  ihe  1971-79  and 
198 1 -82  rainy  seasons.  Future 
expansion  is  likely. 


Each  site  employed  Aerochem 
Metrics  201  wet/dry 
precipitation  collectors.    For 
the    1971-79  effort,   samples 
were  collected  or)  an  event 
basis  and  shipped  to  the 
University  of  California 
laboratories  at  Berkeley  or 
Tahoe  for  analyses.  For  the 
1981-82  effort,  samples  were 
collected  weekly  and  were  an- 
alysed by  CARB 


Doug  Lawson 

Air  Resources  Board 

1 102  Q  Sx. 

PO   Boa  211) 

Sacramento.  Calif.  95*12 


Florida  Atmospheric 
Deposition  Study 


Environmental  Protection 
Agency  (EPA) 


pH.  conductivity.  SO,.  NOi. 
NOi.  TKN,  NH,.  CI.  PO,. 
total  P.  F.Na.K.Ca.andMg 
Cd,  Cu,  Pb.  SiO).  and  Zn  were 
measured  quarterly. 


A  network  of  up  to  24  sites  was 
opeiated  throughout  Florida 
from  1977  to  1979   A  reduced 
network  of  seven  wet/dry 
collectors  existed  during  1910. 


Monitoringexisted  from  mid- 
1976  to  mid- 1911 


Aerochem  Metrics  201  wet/dry 
collectors  were  utilized,  with 
event  wet  deposition  collection 
at  Gainesville  and  biweekly  or 
weekly  wet  deposition 
collection  at  other  sites.  Dry 
deposition  was  collected 
biweekly  at  all  sites.  Analyses 
were  performed  at  the 
University  of  Florida 
laboratory. 


Charles  D   Hendry 
Environmental  Science  and 

Engineering,  Inc. 
PO   Bos  ESE 
Gainesville.  Fla   32602 


*■> 


Minnesota-North  Dakota 
Precipitation  Monitoring 
Network 


Depart  men!  of  Energy  (DOE). 
University  of  Minnesota 
Computer  Center 


pH.  conductivity,  alkalinity. 
SO..  NO,.  NH..  CI.  total  P. 
Na,  K.  Ca.  Mg,  Al.  Cd.  Cr. 
Cu,  Fe.  Mn.  Ni.  Pb,  Zn 


Three  sites  existed  along  a 
lran>ect  (mm  southeastern 
North  Dakota  to  northeastern 
Minnesota 


Sampling  look  place  from 
April  1978  to  June  1979. 


Aerochem  Metrics  201  wet/dry 
precipitation  collectors  were 
used  to  sample  wet 
precipitation  on  the  event 
basis  and  dry  fallout  samples 
biweekly  or  monthly.  Analyses 
were  performed  at  the 
University  of  Minnesota 


E.  Gorham 

Department  of  Ecological  and 

Behavioral  Biology 
108  Zoology  Bldg. 
311  Church  St  .  SE 
University  of  Minnesota 
Minneapolis.  Minn.  35455 


Pennsylvania  Cooperative 
Fisheries  Research  Unit  Study 


U   5   Fish  and  Wildlife 
Service.  Pennsylvania  Fish 
Commission 


pH.  alkalinity,  acidity.  SO., 
NOi.  PO. 


The  monitoring  effort  began 
with  three  sites  in  north  central 
Pennsylvania  (approximately 
41-N  and  7H*W). 


The  first  precipitation 
collectors  were  installed  in 
October  1976   The  network 
ceased  operations  in  August 
1910 


The  network  used  Taylor  two      Dean  Arnold 


liter  bulk  rain  collectors,  with 
samples  collected  about  every 
10  days. 


201  Erwin  W    Mueller  Lab 
Ihe  Pennsylvania  State 

University 
University  Park.  Pa.  16802 


Elk  Mountain.  Wyoming  Site 


Office  of  Water  Research  and 
Technology.  Department  of 
Interior:  National  Science 
Foundation 


pH.  SO..  NO,.  NOi.  CI.  F, 
PO..  Na.  K    Ca.  Mg.  plus 
multi-element  scans. 


One  sue  was  located  at  Elk 
Mountain  (elevation  3.533  m). 
approximately  160  km 
northst-est  of  Laramie 


Snow  samples  were  collected 
al  Elk  Mountain  independently 
by  Ihe  two  researchers  during 
winter  1910 


Snow  pack  and  snowfall 
samples  were  collected  on  the 
event  basis  by  scoops  and 
coring  equipment  and  were 
analyzed  al  Ihe  University  of 
Rhode  Island  or  the  University 
of  Wyoming 


Carol  Baird 
8120  Coltonwood 
Lentil,  Kans.  66215 

Richard  J.  McCaffrey 
60  Creslwood  Dr. 
Narragansetl.  R.I.  02112 


Table    1 .5      (continued) 


Sludy/Network 


Funding 
organisation 


Parameters 
monitored 


f  «icnt  and 
location 


Period  of 
operation 


Sampling  and 
analysis 


National: 


Canadian  Network  for 
Sampling  Precipitation 
(CANSAP) 


Atmospheric  Environment 
Service.  Environment  Canada 


pH.  conductivity,  alkalinity, 
acidity,  SO*.  NO,.  NH..  CI. 
Na.  K.  Ca.  Mg 


The  network  consists  of  59 
stations  distributed  across 
Canada,  including  Canada's 
nine  WMO  stations. 


The  network  was  established 
in  1977. 


Sampling  stations  employ 
automatic,  wet-only  Sangamo 
Type  A  precipitation 
collectors   Samples  are 
collected  on  a  daily  basts, 
combined  for  one  month 
periods  and  stored  in  the  dark 
at  TQ  until  the  sample  is 
analyzed  at  the  Inland  Waters 
Directorate  (IWD)  Water 
Quality  Lab  at  (he  Canadian 
Centre  for  Inland  Waters  in 
Burlington. 


Contact 


Malcolm  Stilt 
Atmospheric  Environment 

Service 
4905  DufTerin  Si. 
Downsview.  Ontario 
Canada  MJH  5T4 


aUclONAU 


Canadian  Centre  for  Inland 
Waters  (CC1W)  Precipitation 
Network 


Canadian  Centre  for  Inland 
Waters 


I'M.  conductivity,  alkalinity. 
SO..  NOj.  NH4.CI,  P.Na.K. 
Ca.  Mg.  Cu.  Fe,  Pb,  Ni.  Zn, 
StOi 


The  nelwork  consists  of   15 
Mies  around  the  Canadian 
shores  of  the  Great  Lakes 


The  initial  eight  stations  began 
monitoring  in  1969. 


Sangamo  wet/dry  collectors 
are  used  to  collect  monthly 
samples.  Analyses  are 
performed  at  the  COW  labs. 


C    H.  Chan 

Canadian  Centre  for  Inland 

Water* 
Water  Quality  Branch 
867  Lakeshore  Rd. 
Burlington.  Ontario 
Canada  L7R  4A6 


Canadian  Air  A  Precipitation 

Monitoring  Nelwork  (APN) 


Atmospheric  Environment 
Service,  Environment  Canada 


pH.  conductivity,  acidity.  H, 
SO«,  NOi.NH-.C),  P.  K.Ca, 
Mg 


The  network  includes  sin  sites, 
each  located  east  of  the 
Ontario-Manitoba  border. 


The  network  began  with  three 
sites  during  November  1978. 


Samples  are  collected  daily 
using  a  wet-only  precipiialion 
sampler    Every  two  weeks, 
samples  are  shipped  to  the 
Canadian  Centre  for  Inland 
Waters  laboratory  in 
Burlington,  Ontario,  for 
analyses. 


L.  A-  Barrie 
Atmospheric  Environment 

Service 
4905  DufTerin  Si. 
Downivtew.  Ontario 
Canada  M3H  5T4 


Environmental  Protection 
Service  (EPS)  Atlantic 
Precipitation  Monitoring 

Program 


Environmental  Protection 
Service.  Environment  Canada 


pH.  SO..  NO,.  NH,.  CI. 

Ca.  Mg 


The  network  currently 
consists  of  sn  sites— three  in 
Nova  Scotia,  two  in 

Newfoundland  and  one  on 
Prince  Edward  Inland. 


The  Tint  site  was  established 
in  December  1978. 


Samples  are  collected  with  a 
Sangamo  Type  A  precipitation 
collector   The  three  Nova 
Scotia  sites  collect 
precipitation  on  the  event 
basis,  whereas  the  other  three 
suet  collect  weekly.  Analyses 
are  performed  at  the  Bedford 
Institute  of  Oceanography  in 
Dartmouth.  Nova  Scotia,  and 
al  the  Newfoundland  Forest 
Research  Centre  in  St.  John's, 
Newfoundland. 


J    R    Machell 
Environmental  Protection 

Service 
Environment  Canada 
Queens  Square 
45  Alderny  Dr 
Dartmouth,  Nova  Scotia 
Canada  B2Y  2N6 


{continued  on  next  page) 


Tabic    1.5    (continued) 


Study/Network 


Funding 
organization 


Pxiamrlc  n 
monitored 


Extent  and 
location 


PHIKUU 


Quebec  Network  Tor  the 
Collection  o(  Precipitation 


Quebec  Ministry  of  the 
Environment 


pH,  conductivity,  alkalinity. 
acidily.SO.,NO,,NH.,CI.F. 
Na,  K.  Ca.  Mg 


The  network  consisted  of  40 
sitel  as  of  I  April  1982  and 
five  tun  will  be  added  by 
summer  1912. 


Period  of 
operation 


Sampling  and 
analysis 


Contact 


The  Tarsi  site  began  operation 
during  August  1980 


Samples  are  collected  using 
samplers  similar  to  the 
Sangamo  wet/dry  collector!. 
Samples  are  collected  weekly 
with  analyses  performed  at 
the  Ministry  of  Environment 
laboratories  in  Saint  Foy. 


Levis  Talbot 

Mintsieie  de  I'Environnemcni 

Quaint  des  eaui 

2J60,  chemin  Ste.  Foy 

Sle-Foy.  Quebec 

Canada  G1V  41(2 


Acidic  Precipitation  in 
Ontario  Study  (monthly 
network) 


Air  Resources  Branch, 
Ontario  Ministry  off 
Environ  men! 


pH. conductivity,  acidity. SO.. 
NO,.  NH,,  TKN.  P.  Na.  K. 
Ca,  Mg,  Al.  Cd.  Cu.  Fe,  Mn. 
Ni.  Kb,  Zn 


This  network  consists  of  34 
sites  throughout  Ontario,  with 
future  expansion  expected. 


The  network  has  operated 
since  September  1980  and  at 
least  five  years  of  data 
acquisition  are  expected. 


All  sites  arc  equipped  with 
Sangamo  Type  A  wet/dry 
collectors.  Samples  are 
collected  on  a  monthly  basis 
and  are  a  nalyied  al  the  Ontario 
Ministry  off  the  Environment 
Laboratory  Service  Branch  in 
Toronto. 


Walter  H    Chan 

Air  Resources  Branch 

Ontario  Ministry  of  the 

Environment 
■  80  Bay  Si. 
Toronto.  Ontario 
Canada  M3S  1ZI 


Acidic  Precipitation  in 
Ontario  Study  (event 
network) 


Air  Resources  Branch, 
Ontario  Ministry  of 
Environment 


pH.  conductivity,  acidity,  SO.. 
NO..  Nil,.  Ni.  K.  Ca,  Mg, 
gaseous  and  paniculate  N  and 
S 


Sixteen  sites  make  up  this 
network:  four  each  in  the 
Kingston.  London.  Dorset, 
and  Atikokan  areas. 


This    network    has    operated 
since  January  1981. 


Sites  are  equipped  with 
Aerochem  Metrics  20 1  wet/dry 
samplers.  Samples  are 
collected  on  a  24  h  modified 
event  basis  and  are  analyzed 
at  the  Ministry's  Laboratory 
Service  Branch  in  Toronto. 


Waller  H    Chan 

Air  Resources  Branch 

Ontario  Ministry  of  the 

Environment 
880  Bay  St. 
Toronto.  Ontario 
Canada  M3S  IZt 


C7> 
CO 


Ontario  Hydro  Atmospheric 
Deposition  Monitoring 
Network 


Chemical  Research 
Department.  Ontario  Hydro 
Research  Division 


pH.  SO,.  NOi.  NH<.  CI.  Na.     The  network  currently 
K.  Ca,  Mg  includes  si*  stations  located 

throughout  Ontario. 


This  network  was  established 
in  197}. 


Sites  are  equipped  with  wet- 
only  Sangamo  collectors. 
Precipitation  is  sampled  on  an 
event  basis  and  analyred  al 
the  Ontario  Hydro 
Laboratory. 


O.  T   Melo 

Chemical  Research  Department 

Ontario  Hydro  Research 

Division 
800  Kipling  Ave. 
Toronto,  Ontario 
Canada  M8Z  5S4 


Precipitation  Quality 
Monitoring  Program 


Department  of  the 
Environment.  Province  of 
Alberta 


pH.  conductivity.  SO..  NOi. 
NH..  O.  total  T.  Na.  K.  Ca. 

Ml 


The  network  consisted  of  six 
sites  throughout  the  province 
as  of  mid-1981  and  will  be 
expanded  to  10  sites  in  1982. 


Sampling  was  initialed  in 
April  1971. 


Bulk  samples  are  collected 
monthly  using  Sangamo  Type 
A  precipitation  collectors. 
Analyses   art   performed   by 
the  Alberta  Environment 
Centre  al  Vegreville.  Alberta. 


J.  E.  Torneby  or  R.  P   Angle 
Air  Quality  Control  Branch 

Alberta  Environment 
9820-IOASl. 
Edmonton.  Alberta 
Canada  T3K  2J6 


Nova  Scotia  Department  of 
the  Environment  Precipitation 
Network 


Nova  Scotia  Department  of 
the  Environment 


pH.  conductivity,  alkalinity, 
acidity.  SO.,  NOi.  NOi.  NH,, 
total  N .  <  1  total  and  dissolved 
P.  Na.  X.  Ca.  Mg.  Al.  As,  Cd. 
Co.  Cr.  Cu.  Ft,  Mn.  Ni.  Pb. 
Se,  Zn.  TOC 


Currently  this  network 

includes  five  sites  throughout 
Nova  Scotia  A  maximum  of 
nine  sites  operated  between 
September  1977  and  December 
1979. 


The  network  began  operation 
in  September  1977.  and  should 
continue  at  least  until  1984. 


Each  site  is  equipped  with  a 
Sangamo  wet/dry  collector. 
Weekly  samples  art  eolVcc!»d 
and  analyzed  at  the 
Environmental  Chemistry 
Laboratory  of  the  Department 
of  Health  in  Halifax. 


J.  Underwood 

Nova  Scotia  Department  of  the 

Environment 
P.O.  Box  2107 
Halifax,  Nova  Scotia 
Canada  fill  )B7 


Tabic    1.5    (continued) 


Environment  New  Brunswick 
Precipitation  Monitoring 
Network 


Environment  New  Brunswick, 
Province  of  New  Brunswick 


pH,  conductivity,  alkalinity. 
SO..  NOi.  NH.,  CI.  N«.  K. 
Ca,  Mg 


The  network  currently  consists 
of  three  sites,  with  two 
addition!!  stations  lobe  added 
by  30  May  1982.  At  this  time 
one  of  the  original  three  sites 
will  cease  operations 


The  initial  stations  were 
established  in  November  1980. 
The  network  will  be  reviewed 
at  the  end  of  1986 


Wet  precipitation  samples  are 
collected  daily  with  Sangamo 
Type  A  collectors  and 
combined  to  form  a  monthly 
composite  sample.  Analyses 
are  performed  by  Laboratory 
Service*.  Environment  New 
Brunswick  at  Fredcrkton.  New 
Brunswick. 


Jane  Spavold 

Environmental  Service  Branch 
Environment  New  Brunswick 
P  O   Bo»  600Q 
Fredericton.  New  Brunswick 
Canada  E3B  3HI 


Local: 


Long  Range  Transport — Snow 
Total  Deposition  Study 


Noranda  Mines  Limited 


pH.SO..SO,.NO,.C1.Na.K. 
Ca.  Mg.  selected  heavy  metals 


Samples  are  collected  at   28 
sites,  all  in  northwest  Quebec. 


Initial  sampling  began  in  1977. 


Snow  core  samples  are 
collected  once  a  year.  Analyses 
arc  performed  by  Noranda 

Mines  Limned. 


F.  Franlisak 

Director  of  Environmental 

Services 
Noranda  Mines  Limited 
PO   Boa  45 
Toronto,  Ontario 
Canada  M5L  I  Bo 


Event  Rain  Sampling  and 
Chemical  Analyses  in  the  Oil 
Sands  Area  of  Northern 
Alberta  Study 


Research  Management 
Division,  Alberta 
Environment 


pH.  conductivity.  SO..  NOi. 
CL  F.  Ni,  K.  Ca,  Mg.  Al.  Cd, 
Cu.  Fe.  Mn.  Ni.  Pb.  V.  Zn 


The  network  consists  of  I) 
sites  in  northeastern  Alberta, 
near  Ft.  McMurray. 


The  network  began  in  May 
1981 .  Expansion  to  the  rest  of 
the  province  is  proposed  for 
1982. 


Samples  are  collected  on  Ihe 
event  basis,  using  plastic  bags 
Tilted  in  a  large  barrel. 
Analyses  arc  performed  at  the 
Albeita  Environment 
provincial  laboratory  at 
Vegrevitle,  Alberta. 


Air  System  Manager 

Research  Management  Division 

Alberta  Environment 

9820-106  St. 

Edmonton.  Alberta 

Canada  T5K  2J6 


Acid  Precipitation  in  Ontario 
Study,  Limnology  Unit 
Network 


Ontario  Ministry  of  the 
Environment 


pH,  conductivity,  alkalinity, 
SO..  NOi.  NH..  TKN.  CI. 
total  P.  Ni,  K.  Ca.  Mg.  Al. 
Cu.  Fe.  Mn.  Ni.  Pb.  Si.  Zn. 
DOC.  DIC 


The  network  has  included  up 
to  19  stations  located  around 
lakes  in  Ontario.  Currently 
five  sites  exist  within  a  50  km 
radius  of  Dorset,  approxi* 
mately  225  km  north  of 
Toronto. 


The  network  was  established 
in  June  1976.  The  five  current 
stations  probably  will  be  kept 
in  operation  for  at  least  five 
more  years. 


Bulk  collectors  art  present  at 
all  Five  sites.  One  lite  has  two 
Earth  Science  wet  deposition 
collectors  and  two  bulk 
collectors-  Samples  are 
collected  when  there  is  a  large 
enough  volume  for  analysis  (on 
the  average  of  seven  to  10 
days).  Perishable  parameters 
are  analyzed  within  }*  h  of 
collection  on  site,  while  the 
remaining  parameters  Mft 
analyzed  at  the  Ontario 
Ministry  of  the  Environment 
laboratories  in  Toronto. 


P.  J.  Dillon 

Limnology  and  Tasonomy 

Section 
Ontario  Ministry  of  the 

Environment 
Boa  213 

Reidale.  Ontario 
Canada  M9W  5LI 


ON 


Northwest  British  Columbia 
Precipitation  Monitoring 
Network 


Atmospheric  Environment 
Service.  Ministry  of 
Environment 


pH.  strong  and  total  acidity, 
SO..  NO,.  CI,  F.  PO..  Na.  K. 
Ca.  Mg.  Al 


The  network  consists  of  five 
sites  in  northwest  British 
Columbia 


The  network  was  initiated  in 
September  1980 


Samples  are  collected  after 
every  event  with  a  modified 
Hubbard  Brook  type  collector. 
Analyses  are  performed  by  ihe 
British  Columbia  Ministry  of 
Environment. 


M.  S.  Kolturi 
Air  Studies  Branch 
Ministry  of  Environment 
Parliament  Buildings 
Victoria.  British  Columbia 
Canada  V8N  1X4 


British  Columbia  Coastal  Site 
Precipitation  Monitoring 
Network 


Atmospheric    Environmental 
Service.  Ministry  of 
Environment 


pH.  strong  and  total  acidity, 
SO..  NO,,  CI.  F,  PO,,  Na.  K. 
Ca.  Mg.  Al 


The  network  consists  of  three 
coastal  sites  in  British 
Columbia. 


The  netwoik  was  initiated  in 
September  1980. 


Samples  are  collected  after 
every  event  with  a  modified 
Hubbard  Brook  type  collector. 
Analyses  are  performed  by  the 
British  Columbia  Ministry  of 
Environment. 


M    S.  K. ,111111 
Air  Studies  Branch 
Ministry  of  Environment 
Parliament  Buildings 
Victoria.  British  Columbia 
Canada  V8N  1X4 


(continued  on  next  page) 


Trtble    1.5    (continued) 


Study/Network 


Funding 
organization 


Parameters 
monitored 


Extent  and 

location 


Period  of 
operation 


Newfoundland  Provincial 
Precipitation  Monitoring 
Network 


Long  Range  Transport  Study 
(LORA) 


Department  of  Environment. 
Government  of  Newfoundland 
and  Labrador 


Noranda  Mines  Limned 


pH.  conductivity,  acidity,  SO*. 
NO,.  NH..  CI.  N«.  K,  Ca.  Mg 


Manitoba  Network  for 
Precipitation  Collection 
(MNPC) 


ilCtNTL*   COMfLETtni 

Ontario  Ministry  of  the 
Environment   Air   Resources 
Branch  ( ARB)  Precipitation 

Network 


Environmental   Management 
Division.  Province  of 
Manitoba 


pH.SO..SO,.NO,.CI.Na.K. 
Ca.  Mg  and  selected  heavy 
metals  in  precipitation  SO,. 
SOi.  NO.,  NO,,  and  NH,.  in 
ambient  air. 


pH,  SO.,  NOi.  conductivity, 
acidity.  Ca.  NH..  Mg.  Na.  CI 
and  K  (in  order  of  priority) 


Ontario  Ministry  of  the 
Environment 


pH,  acidity.  SO,.  NO,.  NH,. 
CI,  F.  Na.  K.Ci.Mg.  Al.Cd. 
Cf.  Cu.  Fe,  Ni.  Pb.  Si.  Zn 


The  net  work  consists  of  t  hree 
tiles  in  eastern  Newfoundland 


At  its  inception,  the  network 
consisted  of  seven  sites  in 
northwest   Quebec     In    1979 
the  network  was  cut  back  to 
its  current  site  of  three  sues 


The  network  consists  of  two 
sites  in  northeast  Manitoba. 


Located  in  the  Sudbury  area, 
originally    10  sites  operated, 
with  expansion  to  21  sues 
during  mid- 1979 


The  network  started  with  two 
sites  in  September  1980  and  is 
projected  to  continue  for  8  to 
10  years  The  network  is 
proposed  to  expand  to  in 
sues  by  19111 


Initial  sampling  began  in  1977, 


The  network  was  established 
in  November  1980 


Sampling  began  in  December 
1977.  The  network  was 
terminated  in  May  I9B0. 


Sampling  and 
analysis 


Contact 


An  automatic  wet-only 
precipitation  collector  is  used 
for  weekly  sampling   All 
chemical  analyses  are 
perlormed  at  the  Canadian 
Forest  ry  Service  laboratory  in 
Si    John's.  Newfoundland. 

Wet-only  samples  a  recollected 
by  event  and  also  for  eight  day 
composite  samples.  Twenty- 
four  hour  ambient  air  samples 
also  are  collected. 


The  network  collects  wet 
samples  daily  and  dry  samples 
monthly,  utilising  a  Sangarno 
Type  A  sampler  Wet  samples 
are  sent  to  •  central  laboratory 
weekly  for  analysis 


Wet  deposition  was  collected 
with  Sangarno  Type  A 
collectors  Bulk  deposition  also 
was  collected  at  four  stations. 


Les  Hulett 

Department  of  Environment 

Government  of  Newfoundland 

and  Laborador 
100  Elizabeth  Ave. 
St.  John's.  Newfoundland 
Canada  AIC  IP7 

r    Franlisak 

Director  of  Environmental 

Services 
Noranda  Mines  Limited 
P  O   Boa  45 
Toronto.  Ontario 
Canada  M5L  IB* 

Dave  Beiak 

Environmental  Management 

Division 
Boa  7.  Building  2 
139  Tuxedo  Avenue 
Winnepeg.  Manitoba 
Canada  R)C  OVB 


Walter  H    Chan 

Air  Resources  Branch 

Ontario  Ministry  of  the 

Environment 
880  Bay  St. 
Toronto.  Ontario 
Canada  M5S  1Z8 


•"J 
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Table  3.     Mexican  icid  rain  monitoring  studies — National. 


Study/Network 


Funding 
organization 


Parameters 
monitored 


Eafenl  and 
location 


Acid  Rain  in  Meiico  City 
Study 


Department  of  Environmental 
Pollution.  University  of 
Mexico;  Mexican 
Meteorological  Service  of  the 
Ministry  of  Agriculture  and 
Water  Resources 


pH.  SO,.  NO,,  and  NH..  with 
conductivity  to  be  added 


Asof  May  1981  (the  beginning 
of  the  rainy  season),  the 
network  expanded  to  23  sites 
nationally,  including  sites  in 
soul  hern  Mexico  and  sites  rtear 
the  US  -Mexico  border 


Period  of 
operation 


Sampling  and 
analysis 


Sampling  began  during  May 
1980.  with  12  precipitation 
collectors  in  Mexico  City. 


Samples  are  collected  on  an 
event  basis  in  polyethylene 
bottles.  Analyses  are 
performed  at  the  National 
University  of  Mexico  in  Mexico 
City  on  both  event  and  weekly 
composite  samples. 


Contact 


Hurnberto  Bravo  A. 
Depto    Contamination 

Amhiental 
Centro  de  Ciencias  dc  la 

Atmosfera 
Ctudad  Univenitaria  Mexico 
Mem,,  20.  D.F. 
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\.k,k  Meteorological  Data 

Meteorological  data  requirements  include  surface  temperature, 

surface  winds,  upper  level  winds  and  temperatures  (including 

dew  point)  at  mandatory  and  special  levels,  precipitation,  cloud 

amount  and  type,  direct  and  net  radiation.  For  the  long-range 

transport  model,  the  coverage  must  include  all  of  Eastern  and 

Central  North  America,  so  that  available  data  sources  are 

restricted  to  the  National  Meteorological  Centers.  Archived  data 

of  surface  and  upper  air  observations  is  available  from  National 

Climate  Centre,  Asheville  and  the  Canadian  Climate  Center,  Downsview. 

Analysis  data  is  available  for  restricted  periods  on  request  from 

the  CMC  (Canadian  Meteorological  Center)  as  well  as  NCAR  (Jenne, 

1975)  and  NOAA  (Ropelewski  et  al,  1 980) .  These  references  provide  catalogues 

of  available  data  by  type  and  period.  The  NCC  publishes  a  catalogue 

of  all  available  data  and  data  summaries  (Butson  and  Hatch,  1975) 

which  can  be  used  to  order  data  sets.  The  Canadian  Climate  Center 

has  a  similar  catalogue. 

Except  for  standard  surface  observations,  the  density  of  observing 
points  is  of  the  order  of  300  to  *»00  km  .  Therefore,  for  the  mesoscale 
model,  i t  wi 1 1  be  necessary  to  use  specialized  data  obtained  over 
small  regions  or  short  periods  to  increase  data  density.  Large-scale 
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experiments  such  as  PEPE  can  be  used  to  provide  verification 
data  of  high  resolution. 

The  procedure  for  generating  the  meteorological  data  base  will 
be  to  assemble  primarily  the  observational  data  with  some  supporting 
analysis  data  on  the  large  scale.  For  selected  periods  to  be  used 
for  validation,  additional  data  will  be  located  and  assembled  into 
the  data  archive. 

1  .  5       Gridding  Procedures 

5UBSYS  2  provides  a  number  of  programs  for  the  analysis  of  meteorological 
and  physical  parameters  and  the  gridding  of  emissions  data.  Some  of 
the  procedures  to  be  used  for  this  analysis  are  described  in  this 
section. 

1.5-1     Emi  ssions 

The  primary  emissions  data  files  provide  point  source  information  and 
area  source  information  on  county  or  equivalent  subdivision  basis. 
For  the  LRT  grid,  most  counties  are  sub-grid  scale,  and  the  standard 
practice  is  to  allocate  area  sources  to  the  grid  by  the  location 
of  the  county  centroid. 
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For  the  Mesoscale  grid,  the  grid  assignment  must  take  account  of 
sub-county  detail.  It  is  proposed  to  use  available  information  on 
population  census  and  land  use  to  apportion  total  county  emissions 
to  the  10  km  mesoscale  grid  (Benkovitz,  1 982) . 

Both  dispersion  models  will  have  ten  vertical  levels.  It  will 
therefore  be  necessary  to  apportion  the  emissions  within  each 
grid  cell  among  these  levels.  This  requires  calculation  of  plume 
rise  for  point  sources,  using  Briggs  (I975)>and  distribution  of 
plume  mass  by  layer.  For  area  sources,  a  standard  distribution 
scheme  will  be  used. 

The  information  on  time  variability  of  emissions  will  be  used  to 
define  multiple  grids  of  emissions,  one  for  each  emission  condition. 

1.5.2     Physical  Data 

Gridded  topography  data  will  be  produced  for  the  LRT  and  Mesoscale 
grids  using  bi-cubic  spline  interpolation  of  existing  digitized 
topographic  data.  Two  files  will  be  produced  for  the  two  grid 
resolutions,  and  smoothing  algorithms  applied  to  eliminate  sub- 
grid  scale  detai 1 . 
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For  a  particular  model  run,  the  appropriate  subsection  of  the 
gridded  data  will  be  extracted  to  generate  an  operational  data 
file. 

Digitizing  and  gridding  of  land  use  maps  would  be  carried  out 
either  on  the  OCRS  (Ontario  Center  for  Remote  Sensing)  computerized 
system  (Landsat  data)  or  manually  for  high  resolution  from 
detailed  maps.  The  gridding  is  carried  out  by  assigning  to  a  grid 
square  the  dominant  land  use  type  within  the  grid  square.  Eight 
or  more  categories  of  land  use  will  be  used  to  provide  adequate 
resolution.  For  the  LRT  case,  a  land  use  map  for  most  of  the 
area  of  interest  to  0.5  degree  resolution  already  exists  (Sheih 
et  al,  1979). 

Roughness  length  is  characterized  in  terms  of  the  land  use  classification 
using  the  scheme  of  Wieringa  (1980)  . 

1.5.3     Meteorological  Data 

The  Wind  Field  Model  described  in  Section  3  carries  out  the  gridding 
of  winds,  potential  temperature,  relative  humidity,  u^  and  stability. 
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Separate  programs  are  needed  to  produce  grldded  fields  of 
precipitation  and  cloud  cover  as  described  below. 

Preci  pi  tation 

Precipitation  amount  (hourly)  will  be  gridded  using  an  inverse 
distance  weighting  scheme.  Only  stations  within  a  prescribed 
radius  of  influence  are  averaged.  In  areas  where  observational 
data  of  hourly  precipitation  is  sparse,  observations  of  rain 
intensity  from  Class  A  stations  will  be  used  to  supplement 
24-hour  totals  (which  are  available  on  a  denser  network  of 
stations)  in  order  to  apportion  the  total  daily  rainfall. 
The  precipitation  data  for  some  networks  is  not  corrected  for 
undercatch  and  exposure  variability.  It  is  proposed  that  a 
standard  procedure  be  adopted  to  make  such  corrections  to  the 
network  date. 

In  addition  to  total  hourly  precipitation  within  each  grid  cell, 
a  measure  of  the  i ntermi ttency  (spatially)  of  the  rainfall  will 
be  defined  by  the  proportion  of  stations  within  the  radius  of 
influence  which  are    reporting  precipitation. 
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For  the  mesoscale  grid,  the  use  of  radar  data  will  be  evaluated. 
Radar  information  is  now  routinely  digitized  for  transmission, 
and  could  be  stored  for  selected  periods  in  the  future  on  request. 
The  radar  information  provides  a  direct  measure  of  intensity 
within  its  range  of  observation.  By  sorting  and  merging  the 
information  from  a  number  of  radar  installations,  a  complete 
field  of  precipitation  intensity  can  be  produced.  Time  averaging 
of  the  data  would  be  required  to  produce  precipitation  information 
corresponding  to  the  model  time  resolution. 

Cloud  Coyer 

Information  on  cloud  cover  and  type  is  used  by  the  wind  field  model 
to  determine  insolation,  and  by  the  disper.sion  model  to  define 
diffusivity  and  estimate  in-cloud  wet  scavenging  processes. 

The  standard  observations  of  cloud  amount  at  observing  stations  can 
be  handled  in  the  same  way  as  precipitation  to  produce  gridded  fields 
of  average  cloud  cover.  For  selected  periods,  this  information  can 
be  supplemented  by  satellite  photos  which  would  be  manually 
interpreted  to  the  grid. 
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Cloud  type  information  at  the  observing  stations  within  a  specified 
radius  of  influence  can  be  used  to  define  the  predominant  type 
for  the  grid  within  several  layers.  This  will  provide  a  coded 
grid  of  cloud  types  which  would  be  used  in  the  wet  scavenging 
module  to  define  the  relevant  operative  processes. 


2.        REVIEW  OF  STATE  OF  THE  ART  WIND  FIELD  MODELS 

The  fol laving  review  of  modeling  techniques  can  be  broken  down 
into  two  categories:  The  first  category  of  models  contains 
those  which  are  presently  available  and  have  been  used  for 
long-range  transport  and  diffusion  estimates:  The  second 
contains  models  which  are  presently  available  from  related 
fields  (such  as  Applied  Meteorology)  but  which  have  not  been 
implemented  for  LRT  models. 

Clearly  the  flow  in  the  atmospheric  boundary  layer  (ABL)  is  a 
critical  component  of  the  wind  field  model.  Review  of  ABL 
models  is  deferred  to  Section  3  where  they  are  more  easily 
discussed  within  the  context  of  present  model  development. 

Tables  2.1,2.2  and  2.3  give  a  brief  summary  and  further  details 
of  some  of  the  models  and  techniques  reviewed  in  this  section 
and  i  n  Sect  i on  3  • 


2.1       Available  Wind  Field  Techniques  Presently  Used  For 
LRT  Models 


As  a  general  observation  from  a  review  of  the  literature,  LRT 
modelers  have  devoted  most  attention  and  effort  to  atmospheric 
diffusion  processes,  and  to  chemical  reaction  mechanisms  and 
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Wind  Field  Models  and  Objective  Anal ysjs  Methods 


AUTHOR 

YEAR 

MESOSCALE 

OR 
LONG  RAMGE 

NO.  OF 
LAYERS 

HORIZONTAL 

GRID 

HORIZONTAL 
RESOLUTION 

NO.  OF 
DIMENSIONS 

FUNCTIONAL 
CONSTRAINTS 

ON  HASS-CONSIS. 

COMMENTS 

Tarbet 1  et  al . 

1981 

US 

6/7 

30  x  35 

3 

V  -  V   +  V, 

Chang  et  al  ■ 

1980 

HS 

30/ HO  km 

3 

none 

Using  Bleck  (1975)  technique 

Anthes  et  al . 

1979 

us 

i 

70  X  70 

60   km 

3 

See  Keyser  (1978)  paper  for 
detai Is 

Sasaki 
Sasaki 
Sasaki 

1970b-] 
1970a, 
1958  J 

LR 
'     MS 

any 

any 

3 

V  .  ?  -  0 

or  any  other  constraints 
bounding  the  divergence 

Dickerson 

1978 

HS 

1 

65  x  65 

? 

V  .  $  -  0 

Variational  method,  weak 
const  raint 

N> 

Fankhauser 

197*i 

HS 

18 

2k   x  lU 

10   km 

) 

V  .  $  -  0 

Kinematic  method,  weak 
constraint 

ro 

Anthes 

197b 

MS 

% 

30  x  50 

1|0   km 

3 

*  *  a 

V  ■  V  +  V 

non  linear  balance  equation 

01 Br ien 

1970 

MS 
IR 

any 

3 

V  .  V  -  0 

Variational  method,  weak 
constraint 

Stephens  et  al . 

1978 

HS 

1B  x  28 

1   km 

2 

v  -  V  \ 

Fourier  Transform 

Hoke  et  al. 

1976 

HS 

? 

P.E. 

Dynamic  initialization 

Sherman 

1978 

HS 

2fi 

25  x  33 

M  km 

3 

7  .  V  -  0 

Variational  method,  weak 
constraint 

Keyser 

1978 

MS 

10 

50  x  50 

60   km 

3 

V  -  V   +  V 

T     ♦ 

non-linear  balance  equation 

Tuerpe 

1978 

MS 

6 

30  x  <i0 

3 

V  .  V  ■  0 

Finite  element  variational 
method 

Liu  et  a' 

1978 

US 

5 

>i0  x  50 

2   km 

3 

V  .  V  -  0 

Parameterization  of  vertical 
fluxes 

Liu  et  al 

1976 

HS 

' 

kO   x  25 

3   km 

3 

V  .  V  -  0 

Iterative  method,  observed 
winds  are  unchanged 

Lamb 

1981 

HS 

3 

3 

V  -  V .  ♦  V. 

"phY*lcal"  boundary  conditions 
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Interpolation  Techniques 


AUTHOR 

YEAR 

NUMRER  OF 
DIMENSIONS 

COMMENTS 

Bleck 

1975 

3 

Optimum  interpolation  using  geopotential 
and  Montegomery  potential 

Cline 

197<* 

1 

Curve  fitting  using  splines  under 
tens  ion 

Hardy  et  al . 

1978 

2 

Principal  component  analysis 

Lee 

1975 

2 

Surface  winds  calculations  using  Rose's 
technique  (see  Rose,  1973)  and  isal lob- 

ar ic  winds 

Rose 

1973 

2 

Inverse  square  interpolation 

Shapi  ro 

1973 

2 

High  order  interpolation  from  coarse 
to  fine  mesh  grids 

Wal ton  et  al 

1978 

2 

Principle  component  analysis  (see  Hardy 
et  al .  1978)  plus  least  square  determ- 
ination of  "typical"  patterns 

r  j 
1 


Table  2.3  -  Wind  Field  Models 


fankhauter 

Nesoscale   analysis 
of    ieven    norm! 


197"» 


Lee 

Determination  of 
surface  winds  In 
data  sparse  areas 


INPUT  OAT* 


Rawinsondes  ■  spec i a 
releases  to  give  90  mil 
frequency. 

-  temperature 

prof  I les 

-  surface  up  to  100  mb 


-  imoJsturel 

-  wind  / 


HO.  Of   LAYERS 


II 

1000- 1 00  mb 
In  steps  of 

SO  mb 


LAYER  VINOS 


VERTICAL  VELOCITY 


1975    -  syrface  temperatures 

-  pressure  tendency 
field 

-  900  mb  temperatures 

-  pressure  dubbing 
using  surface  wl nd 
adjusted  for  stabl I- 
Ity  and  f rlct Ion  to 
give  900  mb  wind: 
for  winds  of  minimum 

Assume  equal  to  geo- 
tirophlc  ind  calculate 

3P 

-  :  use  nearest 

»a 

pressure  to  calculate 
»• 

-  smoothed  p-fleld 

-  Interpolate  al I 
parameters 
to  grid  using  I,  1 

weighting 


10  x  10  grid 
A  -  '47.6  km 

Mb. 1.) 


u  -  u     *  U., 
rot    dlv 

-  u  „  not  changed  by 

rot 

O'Brien's  technique 

-  adjust  ud|v  only. 

01  m   V1*,1  for  discrepancies 

from  V'»  -  0 
0'  from  O'Brien  (1970) 

0"  0l  -  0 

P  calculated  from  u  *•  v 

re 


-Obtained  time-sect  ons 
of  measured  variables  at 
each  sounding  station 

Interpolated  to  a  regular 
grid  using  splines 

grid  IhO   km  x  2*0  km  on 
10  km  Intervals 


u   :ad juited  u  -  u  ♦  . 

V'a"  -  0*  -0  -  0" 
■  .C:  ♦"  -  0 


Jx 


Ak  -  50  mb 


3u    Sv 

—  +  — 

3x  Jy 

Intervals  up  to  100  mb 


TOPOGRAPHY 


MIXING  HEI 


none  expl  lc  1 1  h 


p  ♦  Ap 


v 


Uses  O'Brien's  technique 
-w  bottom  layer  from  winds 
-w  top  layer  from  winds 

or  w  *   -  0 

top 


-  calculate  surface 
geost  rophie  wind 

-  calculate  Isallobarlc 

3p 
wind  from  and  add  to 

11 
geo -components  to  give 
resultant  wind  above  b.l 

-  modifies  their  wind  for 
stability,  roughness  and 

latitude  using  forecaster 


not  considered 


Mertnc«   Book  Mel  hods    to 

give   surface  wind. 


roughness 
parameter 


none  explicitly 


I 


Liu  and  Good  I n 


Surface  winds  (22  obs) 


comparison  of  their 
method  wl th 
Dlckerson  and  tndllc* 
me  t  hods . 

*  Holds  observed 
winds  fined 

-  final  field  ll 
sensitive  to 

Initial  guess. 

-  tos  Angeles  Basin 


Los    Angeles 
Interpolate   to  grid 
}/r2  we<»ht 


Agnew 

Surface  wind  predic- 
tion for  Beaufort 
5*a 


1977 


surface  pressure 
dlstrlbut Ion 

surface  roughness 

vertical  temperature 
gradient 


ABL 


3)  u 


f  »  0  If  obs  at  p,q 
-  1  otherwise 

n*1  n 

p+)q       p*1,<l 

+   f 


p+l,q     pq      p*1 
etc. 
pply    (0.    (2),   and   (J) 
repeatedly    to    reduce    0       . 


Compute    Vg. 


compute    S 


rv 


Use   Henry    (197))    to  get 


uit   8   ,    from 
*        9 


C   cos   o  , 


B,(S) 


-      B2(S) 


6j    and   B2    given   by   Henry 
(1973) 


reg 


-(h   -  h        ) 
t        reg 

HQ    dur    to    solar 
heat  ing 

HP   due    to    surface 
divergence 

■  smoothed 
reg Ion 
surface 

h  •  topog.  height 
HQ  -(HQ)   Sin 

Sin  («S/L) 

HO-(HD) 
o 

(I.e.    model   of 
diurnal    h  cycle.) 


l 


Draxler 

Trajectory  model 
wind  field.  Mot 
mass  consistent 


1977 
1979 


Stoltenbach  et  al 

Wind  fields  for  oil 
lllckt. 

Discussion  paper. 


INPUT  OAT A 


Surface  winds 


1977 


Pasqul 1 1 

Sondes  are  used  only 
to  determine  adjust- 
ment factors  for 
surface  winds. 


ho.  or  lathis 


Single  layer: 
the  depth  Is 
det  ermlned 
to  contain 
90*  of  diff- 
using species 


average  layer  wind 
determined  from  sounding 

-  Interpolated  using  /ft 
and  (l-0.S|Sln  T|) 

(alignment  weighting) 

-  adjust  surface  winds  by 
velocity  factor  and 
direction  factor 

determined  from  sonde, 

-  use  0000  GMT  (1900  1ST) 
for  unstable  stations 

use  1200  GMT  (0700  EST) 
for  stable  stations 


Surface  pressure  field 


Surface  Only 


-  calculate  surface  geo- 
s trophic  wind 

apply  Blackadar  and 

Tennekes  09&8)  to  give 

velocity  defect  and  gives 
surface  winds 


VERTICAL  VtLOCITT 


not  considered 


none  explicitly 

K(2)  used  to 

determine 

diffusion  depth 

for  average 

layer 


not  considered 


Coasial 

Winds 

Lyons  (1972) 
sea  breeze 

parameter 

T(e)t' 

C   AT 
P 

T(f>) 
depends  on 
shore  angle 


not  considered 


geo 


-wind 


tT« 


Dlckerson 


HASCON. 

Single  layer  version 
of  KATHEW. 
San  Francisco  Bay 
area  experiment 


MATHEW 


1978 


197B 


INPUT  DATA 


Surface  winds 


averaged  over  1  hour 
(for  some) ,  or  instan- 
taneous for  others 

Rawinsonde 


to  get  mixing,  height, 
N 

Interpolat Ion 


of  surface  winds 


j:v 

le 

N 

r 

i 

...,r; 

3 

closest 

"Toner  wind 

measurement s 
16  stations 

Sound Ings 


3  hours  apart 

time  Interpolation  at 

slnnle  site  and  assumed 

upper  layer  constant 

spatially 

u  -  u   (  —  )    'or 

prof  I ) ing  up   to  100  m 


NO.  OF  LAYERS 


one  mixed 
layer  of 
thickness 


(H-ht) 


si 

x  Si  « 

15 

layers 

Ax 

-  500  • 

Ar 

-   J5  m 

LAYER  VINOS 


Ml 


+  7  (hV)  *w 


IT 

minimize  t  using 
Sasaki  method 


'   '  obi 


set   w  .      -0    Initially 
00  s 


0  on   boundary 


uh-(„h)o+£ 


w "lw    .      -    ■ —      A 


A"' 


obs 

aa 

0; 

X 

from   7 


S2X        J7X       r   a|2-[   a'x 
L    ax        Sy  8i  J 


ni 

no measured. 

at 


VERTICAL  VELOCITY 


Computed  from 
variational  technique 

w  -  0  Initially 


TOPOGRAPHY 


Included  In 
h  -  H-h 


Computed  from 
variational  technique 

w  -  0  Initial ly 

3h  . 
no  -r-  term 


Expressed 
block  form 
with  "no- 
f  low'  b.c. '« 
in  a  layer 


MIXING  HEIGHT 


not  clear  how 
3H  obtained 

or  how  spat lal 
varlat  ion  of 
H  Is  achieved 


not  expl lei  t ly 
Inc luded 


1 


-5 

'3 


Surface  wind 
analysis 

Hesoseale 

dec  ompos  1 t 1  on  of 

Mind  Into  divergent 

and  rotational 

components 


Keystr 

Initial liatlon  of 
numerical  models. 
Uses  non  linear 
balance  equal  Ion 


1978 


Interpolated  using 
successive  correction 
algorithm  (no  details) 


Raw'tnsondes 

calculates  geos trophic 
wind  at  »l I  levels 

Interpolation  to  grid 
points  In  each  level 
using  cubic  spl Ines 


70  »  70 

fix  -  60  k» 

10  levels  up 
to  100  mb 


-3T  .   3X 
u  -  "57  *  K 

Vf        »x 

T  «  stream  function 
X  -  velocity  potential 

Helmholtz  theorem 


computed  but 
not  given  explicitly 


o».  .  ( 


C  - 


obs 

?v       Ju^ 


3x 


correct  to  satisfy  Stokes 
Balance  equation 


»te'  57 


RH5  calculated  from 
solution  for  T 


fro™  Divergence 


rO 
I 

1  a 


Heffter 


Trajectory  mndei  for 
S-day  LRT 


Goodln,  McRac  and 


SeTnTeTd 


Mesoscale. 

Complex  terrain. 
Los  Angeles  basin 
model . 


1980 


19B0 


INPUT  DATA 


Rawlndsondes 

linear  Interpolation 
w. r. t .  t Ime  uses 

(1-0.$|SIn  p|) 

alignment   weighting 

+   Vr 'weigh  ting 

00,    06,    12,    181   obs. 


Surface  winds 


Radiosonde    profiles 


NO.  OF  LAYERS 


One  1 aye  r 
with  90»  of 
dl f fus inq 
spec  ies 


Tested 
S  layers. 

Terrain 
fol lowing, 

50 

ISO 
J00 

550 

lll50  m 


LAYER  WINDS 


Simple  Interpolation 
not  mass  consistent 


Surface  winds  Interpolated 

using  barrier  ♦  '/r'  weight 

Anderson  terrain 
adjustment  used 

v'i  -  Df 

D      Is   terrain    Induced 

pertubat Ion. 

This  Is  final  surface 
layer  wlnd-f ield  with 
surface  divergence- 
Upper  Layers:  Interpolated 

sonde  data  using  Vr  weight 

after  smoothing,  reduced 

divergence  to  minimum 

using  technique  of  Liu 

and  Good  In  0976)  putting 

back  w, 

•i-l 


VERTICAL  VELOCITY 


None 


Surface    layer  w  calculated 


from  wind-field   divergence 
Upper    layers:    smoothed   u  *   v 


to   reduce  w    In   each   layer 
assuming  w  «■   0 

[9h  SAM 
*  0 
a*         3k 

[3h  »AH 
—  +  p  
»V                 »Y       . 


JAM 


>t 


au         a(uAH) 

+   

»P 


a. 


J(vAH) 
>Y 


0, 


TOPOGRAPHY 


Implicit     In 
I  r anspor t 
layer  depth 


Used    terrain 
fol lowing 
coordinates 


I-h, 


H  «   top  of 
domain 

0  t  P   *    1 

solved  only 
for 


MIXING  HEIGHT 


Top  of 
transport 

layer  depth 

measured  by 

sondes 


Not  used  as  far 
as  can  be 
deduced. 

Is  measured 

end  Interpolated 


tsj 
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INPUT  DATA 

HO.  OF  lAYf AS 

I  AUK  WINDS 

VtATItAL  VtlOCITT 

T0P0GWMY 

MIXING  HEIGHT 

Vojclk 

1980 

Geopotent lal  height 

one  mixed 

layer 

-  calculates  geostophlc 
wind  from  geopotent lal 

-  adjusts  for  surface  drag, 
barocl Inlcl  ty,  stability, 
and  diurnal  variation 
using  Hoxlt  (1973)  to 
give  average  mined 

layer  wind. 

None 

None 

Implicit  and 
constant 

Compares  surface 
wind  Interpolation 
and  winds  derived 
from  geopotent 1  a! . 

Favours  the  latter. 

field  from  published 
weather  maps  Inter- 
polated uslnd  bl-cublc 
splines. 

Cats 

Analysis  of  surface 
wind  observations. 

Netherlands 

1980 

Surface  winds  at  10  m 
averaged  over  10  mln. 

Surface 
wind 
only 

Uses  optimum  Interpolation 
technique  of  Gandln  (1963). 

Calculates  surface  diver- 
gence and  vortlclty  from 
the  data. 

can  be  calculated 

from  surface 

divergence 

None 

None 

tarmlchael  and  Peters 

Culerlan  dlaperslon 

model . 

Eastern  United  States 

1381 

Radiosondes  -  (12- 
hourly) 

Surface  winds 

temperature 
cloud  cover 
(3-hoorly) 
used  for  stabl 1 1 ty, 
deposition  velocity 
and  addy  dJfruttvlty 
only. 

12  layers 
Top  at 

3000  m 

Interpolated  soundings 
using  '/f*  weighting. 

Winds  are  not  time  Inter- 
polated but  change  In 
12-hourly  steps. 

calculated  from 
wind  divergence 

7 
f 

CO 

p- 

srraln 
ol lowing 
ordinates 

'i-h(x.y)" 

From  sounding: 
farted  diurnal ly 
us Ing  funct Ions 

H-h(x.y). 
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INPUT  DAT* 

NO.  Of  EAYfRS 

LAYCA  WINDS 

VERTICAL  VELOCITY 

TOPOGRAPHY 

NIXING  HEIGHT 

van  Dop  and  de  Haan 

Eulerlan  model  for 
d  1  spers  Ion 

1981 

Surface  winds 

17  k  17  x  1! 
&x  -  20  km 

til   -    SO  m 

Surface  Layer 

Interpolation  of  wind 
observations  and  averaged 
In  layer  using  similarity. 

also  uses  tower  data  for 
lower  wind  profile. 

Upper  Layers 

Linear  vertical  Interpola- 
tion between  surface  geo- 
strophlc  wind  and  8 5-0  mb 
wind. 

from  wind  divergence 

Hone 

Oayt  Ime 

Tennekes  (1973) 
AflL  night  time 

Nleuwstadt 

0981) 

Optimum  Interpolation 
of  Cats  (1980). 

Surface  pressure 

Calculates  surface 
geosi  ropMc  wind 

650  mb  wind 

Interpolated  to  grid 
Cloud  cover 

Bhumralkar  et  al 

EURMAP-2B 

Central  and  Western 
Europe  Puff  model 

1981 

Surface  winds 

3  layers 

to  850  mb 

or  ll*50  m 

50  km  grid 

Ve rt lea  1  1 nterpolat  ion 
between  surface  and  B50  "* 
us  inq  logar 1 thmlc  prof  1 le. 

Use  EndHeh  (1967)  to  make 
each  layer  non-divergent. 

no  bulk  transport 
between  laye  rs 

Ter  rai  n  fol low 1  no 
coordinates 

m   i-hU.y) 

constant  at 
850  mb  but 
varies  k(i) 
between  layers 

according  to 
stabl 1  Icy 
prof  1 les. 

850  mb  winds 

H(»,y)-h(x,y) 

minimum  thickness 

of  500  m. 

1-0 
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AUTHOR 

DATE 

PnRnMATWAl  ION  OR  KOOEl 

DESCRIPTION 

Holrworlh 

I961! 

Determination  of  Mining 
depth  for  unstable  day  = 
t  in*  condl t Ions. 

Mixing  depth  determined  by  extension  of  •  dry  adiabat  fro»i  surface  temperature  to  1 
radiosonde  profiles. 

ntersect 

Manna 

»9&9 

PBL  height  under 
neutral  or  stable 

COndl t Ions 

Aeconmendes  Blackadar  (»9b2)  and  lettau  ( 19*2) 

M  -  0.2  M  (neutral);   M  -  0.75  V,  l-  j^-j 

i 

*.rya 

1981 

PBL  height  under 
stable  conditions 

H  -  05. 1  ♦  0.0B9   —    for    *   <    lbOO 
-0.1A2   W         for   t       »  «60° 

Nleuwstadt 

1981 

PPL  height  under 
stable  eondl t Ions 
steady  state 

0.3 

'"'[?] 

Henderson-Sel lers 

1980 

Simulation  of  urban 
mixing  depth 

Flat  Terrain           -             m  It   rvrtl  porrntUl  t«*p*r*turc  graHien 

(stable) 

hi  1 ■ 1  .     ,  .  1       > 

n    Urn 

C  pVa                 Q.  surface  htat  flux. 

p        '  0                     5 

Terrain  effect                                   _  . 

to  -rh'<x>  -  [r  -rh(x)J  [l^  ♦  ri«)/ToJ  Vo 

h' (x)  -   terrain  corrected  mixing  depth 

T  (x>  -   T  at  z     -  0 
0 

I1  -   (rural  terrain  height  -  city  height) 
r  ■   city  mixed  layer  lapse  rate. 
1   ■   rural  lapse  rate. 

ro 


ro 


AUTHOR 

DATE 

PARAMAT  1  ZAT  (OH  OR  MODtl 

D£5CAIPTI0*C 

O'Brien 

1970 

constraint  of  object- 

s. 

wk   wk  ~   S.   l"k  ~  T' 
k 

ively  determined  vert- 
ical velocity  to  preset 

top  and  bottom  boundary 
values 

where   w,  ■  w.  ,  +  AZD, 
k    k-1      k 

k 

Sk"  E°l* 

1   ' 

D   Is  the  horizontal  divergence;  0?  Is  the  error  variance 

Aarf-w 

1977 

computation  of 

The  surface  geostrophic  wind  (G)  is  computed  from  the  surface  pressure  distribution 

MiO 

1978 

surface  winds  from  the 

required  In  the  analysis  are  potential  temperature  at  850  mo  and  at  the  surface  and 

Surface 

surface  gebstrophlc 

roughness.  Uses  Henry  (1973) 

wind 

G  sin  a                  .       ,         u 

0      1   In    ■       ,  % 
-  —      +  B|(s) 

u.          k      Z  f 
*                0 

G  cos  a          -   Bi(s) 
0 

66        -  Si2  in  -St_  +  b,(s) 

"e~                  k         1  f 
•                            0 

B),  Bj  and  BB  given  by  Henry  (1973).  Compute  u  and  a   to  give  surface  wind  profile 

Kieuwstedt 

1981 

computet  ion  of 
surface  winds  from  the 
surface  faostrophtc 

U»         *       0   * 

wind  under  neutral  or 
stable  conditions 

G  sin  a    m J  _ 

.  —   .....  —  - 

u,        k 

A  -  -0.S6 

V 

M 

;  B  -  1.1  -  In 

-B-|-  2.2  V 

V 

ft 

;   »-%;«„- 

G/fz 

0 

h 
L 

>-m 

'  ■  ••'  n 

need  to  estimate  I  or  use  Agnew  (1977)  to  give  Bt 

AUTHOR 


Thorpe  t  Guymer 


DATl 


PAAAHAT I ZAT I  ON  OR   MODtL 


1377 


Anderson 


model  of  nocturnal  Jet 


DESCRIPTION 


C  ♦  A  exp(-lft) 

ire 


H"1   ' 


♦  A,  exp 


[•I"*-)'] 


-!!•'..: 


k   -  C„u 

s     0  j 


IS7» 


topographic  perturbation 

of  mean  wind  field 


t   »  time  since  sunset 

Simplifies  to  (Lamb,  I9»l) 

u   "a  cos  8j  -  b  sin  B» 
¥   -  a  *ln  9j  *  b  cos  8} 

a   -  |v  |[  (  os  (46)  *  sin  (AS)  tin  <f (ot))l 

b   -  |v  I""  (*e>  c°*  <fft^ 

6i  -  geostrophlc  wind  direction  at  sunset 

|v  I  -  layer  average  surface  wind  at  sunset 

AS  «  layer  average  direction  difference  between  surface  layer  and  geostrophlc 

wind  at  sunset 
At  ■  time  since  sunset 


vV 


J* 


41  -  velocity  potential  of  topographic  perturbation 

U  ■  unperturbed  wind 

H  -  perturbed  layer  thickness 

h  -  topographic  height  (smoothed  for  regional  effects) 
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kinetics.  Wind  field  models  have  not,  until  recently,  received 
the  same  close  attention.  Wind  fields  for  LRT  applications  are 
generally  derived  in  a  very  approximate  manner  from  surface  wind 
observations  and/or  radiosonde  data.  Simple  linear,  temporal 
interpolation  of  twice  daily  soundings  and  vertical  extrapolation 
of  surface  observations  are  common.  Other  than  for  Lamb  (1981), 
virtually  no  attempt  has  been  made  to  incorporate  synoptic  scale 
analysis  of  vertical  structure  into  the  wind  field. 

Where  a  Eulerian  diffusion  model  is  used,  adjustment  of  the  wind 
field  to  render  it  mass  consistent  is  done  out  of  necessity  to 
avoid  spurious  divergence  which  cannot  be  tolerated  by  the 
Eulerian  computation,  rather  than  in  an  effort  to  improve  the 
wind  field  estimate.  Vertical  air  motion  is  frequently  regarded 
as  an  undesirable  'by-product'  of  divergence  reduction  and  is 
eliminated  by  discarding  the  divergent  component  of  the  wind  field. 
Vertical  air  motion,  particularly  near  a  frontal  system  cannot 
be  ignored  and  can  rival  or  surpass  diffusion  processes  as  a 
mechanism  for  vertical  transport  of  pollutants. 

Most  LRT  three-dimensional  wind  field  models  regard  the  atmospheric 
boundary  layer  as  a  separate  entity  with  winds  derived  from  surface 
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observations:  Radiosonde  data  are  used  to  define  horizontal 
winds  at  the  top  of  the  boundary  layer  without  regard  to 
vertical  motion.  This  approach  is  contrary  to  the  classical 
development  of  hydrodynamics  whereby  an  accurate  description 
of  the  frictionless  flow  including  vertical  motion  is  essential 
before  attempting  to  describe  the  boundary  layer.  This  comment 
applies  only  to  LRT  models  and  not  of  course,  to  meteorological 
models  for  which  a  great  deal  of  research  and  effort  has  been 
devoted  to  accurately  define  the  frictionless  atmosphere 
including  vertical  motion. 

In  areas  where  a  very  dense  network  of  surface  wind  observations 
is  available,  there  is  justification  for  using  wind  observations 
to  derive  the  mesoscale  wind  field  in  the  boundary  layer, 
particularly  in  complex  terrain.  Under  these  circumstances,  the 
surface  winds  do  contain  information  on  mesoscale  effects,  the 
inclusion  of  which  through  paramet ization,  is  beyond  present 
day  capabilities.  Nonetheless,  the  problems  of  noise  in  the 
data  and  resulting  vertical  motion  at  the  top  of  the  boundary 
layer  are  not  alleviated. 
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A  brief  description  in  tabular  form  of  the  wind  field  techniques 
reviewed  is  given  In  Tables  2.1 —2.3  •  Lui  and  Goodin  (1976) 
describe  a  mesoscale  wind  field  analysis  technique  for  the 
Los  Angeles  basin.  A  single  layer  averaged  wind  field  for  the 
flow  between  the  topography  and  an  elevated  inversion  is  derived 
using  twenty-two  surface  wind  observing  stations.  The  inversion 
height  is  parameterized  in  terms  of  wind  divergence  and  solar 
insolation.  Simple  inverse-squared  distance  is  used  to  interpolate 
data  to  the  grid.  Divergence  over  the  domain  is  reduced  to  an 
insignificant  level  by  adjusting  interpolated  wind  components 
only,  giving  full  weight  to  the  observations. 

Draxler  (1977),  (1979)  proposed  a  LRT  wind  field  model,  (not  mass 
consistent),  for  deriving  a  layer  average  transport  wind  to 
include  only  the  diffusion  depth  for  the  species  of  interest. 
Sixty  surface  wind  observing  stations  and  six  radiosonde  stations 
were  used.  The  surface  data  were  extrapolated  vertically  using 
the  radiosonde  profiles. 

Dickerson  (1978),  Sherman  (1978),  Racher  et  al  (1980)  use  the 
variational  technique  first  proposed  by  Sasaki  (1958)1  (1970a),  (1970b), 
to  minimize  the  divergence  over  a  specified  domain.  The  latter  two 
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models  are  mul ti -layered.  Vertical  motion  at  the  top  of  the  domain 
is  set  to  zero.  The  extent  to  which  mass  consistence  is  achieved 
by  damping  out  vertical  motion  within  the  domain,(by  adjusting 
horizontal  wind  components),  i  s  controlled  in  the  model.  Racher  et  al 
comment   that  the  initial  guess  horizontal  wind  field  largely 
determines  the  final  result.  This  implies  that  were  it  possible 
to  apriori  specify  the  distribution  of  vertical  velocity  the 
final  horizontal  wind  field  would  be  little  changed  unless  vertical 
velocities  were  large. 

Heffter  (I98O)  for  a  5-day  LRT  trajectory  model,  used  linear 
temporal  interpolation  of  six-hourly  radiosondes  to  give  hourly 
layer-averaged  winds.  An  ani sotropic, ' inverse-square  distance 
interpolation  of  the  data  to  the  grid  was  used  where  the  weighting 
depends  on  the  alignment  of  grid  point  and  observations:  The  wind 
field  is  not  mass  consistent. 

Goodin,  McRae  and  Seinfeld  O98O)  propose  a  mul t i ♦] ayered  mesoscale 
model  for  the  Los  Angeles  Basin.  The  wind  field  is  derived  from  a  dense 
network  of  surface  wind  observations  and  radiosonde  data.  Surface 
winds  in  the  surface  layer  are  interpolated  to  the  grid  using  inverse- 
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squared  distance  weighting  with  provision  for  barriers  to  flow. 
The  interpolation  includes  a  terrain  adjustment  modeled  after 
Anderson  (1971).  This  constitutes  the  final  surface  wind  field 
with  divergence.  The  wind  in  upper  layers  is  derived  from  sonde 
data  using  inverse  distance  weighting:  The  horizontal  winds  in 
the  upper  layers  are  smoothed  to  progressively  reduce  divergence. 
The  wind  field  in  the  upper  layers  Is  then  rendered  mass  consistent 
using  the  adjustment  technique  of  Liu  and  Goodin  (1976). 

Carmichael  and  Peters  (1981)  developed  a  12-layer  model  extending 
to  3  km  .  Wind  fields  are  calculated  in  12-hourly  steps  from 
radiosonde  data  using  inverse-squared  distance  interpolation: 
There  is  no  time  interpolation.  Vertical  velocities  are  calculated 
from  wind  divergence. 

Van  Dop,  de  Haan  and  Cats  (1981)  based  their  model  for  a  long-range 
Eulerian  dispersion  model  on  surface  wind  observations,  surface 
pressure  distribution  and  850  mb  winds  Interpolated  to  the  grid. 
The  model  has  12  layers.  Similarity  theory  was  used  to  profile 
winds  in  the  atmospheric  boundary  layer.  Upper  layer  winds  are 
derived  by  linear  interpolation  between  the  surface  geostrophic 
wind  and  the  850  mb  wind.  Vertical  motion  is  calculated  from  the 
wind  field  divergence. 
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Bhumralkar  et  al  ( 1 98 1 )  used  vertical  interpolation  with  logarithmic 
profiles  between  surface  winds  and  850  nib  winds.  The  model  has  three 
layers:  Divergence  and  therefore  vertical  motion  was  eliminated  in 
each  layer  using  an  adjustment  technique  (Endlich  (1967)). 

Borghi  ( 1 98 1 )  recognized  the  importance  of  vertical  motion  as  it 
affects  long-range  trajectories.  Although  a  wind  field  model  as 
such  is  not  described,  the  calculation  of  trajectories  which 
includes  vertical  motion  is  given.  This  is  achieved  by  tracking 
air  parcel  trajectories  i sentropical ly  rather  than  i sobarical ly . 

Lamb,  (I98I)  describes  a  three-layer  mass  consistent  wind  field  model 
for  use  in  a  Eulerian  dispersion  model.  There  is  extensive  para- 
metization  of  inter-layer  fluxes.  Layer  thicknesses  are   chosen  to 
represent  the  subsidence  inversion  base,  with  the  mixing  layer 
divided  into  a  lower  and  upper  layer.  Topography  and  paramet izat ion 
of  the  nocturnal  jet  and  cumulus  convection  is  included.  The  wind 
field  model  uses  meteorological  observation  as  input.  A  significant 
advantage  of  Lamb's  model  over  other  multi-layer  models  is  that  the 
vertical  extent  of  the  model  layers  is  variable  and  dictated  by 
the  structure  of  the  lower  atmosphere  rather  than  by  computational 
convenience. 
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Liu,  Yocke  and  McElroy,  (1978)  propose  a  three-dimensional,  mass 
consistent  wind  field  model  but  due  to  lack  of  observational 
constraints,  the  model  is  of  limited  use  for  present  purposes. 
The  model  has  several  layers  and  the  flow  field  is  determined 
by  parameterizing  the  horizontal  divergence  (or  vertical  fluxes) 
in  each  layer.  Topography,  heat  island,  wind  profile  and  mountain/ 
valley  winds  are  considered.  Observational  data  are  not  input  to 
the  model . 

2.2       Meteorologically  Based  Wind  Field  Models  and  Analysis 

In  Section  2.1,  review  and  discussion  was  limited  to  modeling 
techniques  presently  associated  with  LRT  and  mesoscale  dispersion 
models.  In  this  section  a  broader  field  of  meteorological  models 
is  considered:  In  most  cases  the  models  have  been  developed  for 
meteorological  analysis.  Many  of  the  models  are  analysis  schemes 
on  a  synoptic  scale  of  radiosonde  data  for  initializing  prognostic 
models  which  use  relatively  sophisticated  numerical  solutions  of 
the  primitive  equations  of  atmospheric  motion.  The  stability  and 
quality  of  the  results  from  prognostic  models  are  contingent  on 
the  accuracy  of  initialization. 

Anthes,  (1976)  describes  an  initialization  technique  whereby 
geopotential  heights  are  derived  from  observed  wind  data  using 
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the  balance  equation.  The  stream  function  is  derived  from  the 
vorticity  of  the  observed  winds.  Further  examples  of  the  technique 
are  given  by  Anthes  and  Keyser,  (1979)  and  Kevser,  (1978)  . 

Keyser  (1978)  and,  Anthes  and  Keyser  (1979)  describe  an  initialization 
technique  for  numerical  prediction  models.  Starting  with  radiosonde 
data,  the  geostrophic  wind  is  obtained  at  ten  levels  up  to  100  mb  . 
The  wind  data  are  interpolated  to  a  grid  using  cubic  splines. 
Vorticity  distribution  is  calculated  from,  the  wind  components  and  a 
of  stream  function  calculated  by  solving  the  Poisson  equation  with 
vorticity  as  the  forcing  function.  The  potential  function  is  then 
obtained  by  solving  the  balance  equation.  Vertical  velocity 
distribution  is  obtained  from  the  horizontal  divergence.  All  inter- 
polation and  analysis  is  done  i sobar ical ly . 

Hoke  and  Anthes,  (1976)  propose  a  dynamic-initialization  technique 
for  deriving  wind  fields  from  observations  which  are  balanced  with 
respect  to  the  mass  and  momentum  equations.  Application  of  the 
method  in  two  dimensions  is  described,  Tarbel 1 ,  Warner  and  Anthes, 
(1981)  give  a  procedure  for  the  initialization  of  the  divergent 
wind  component  in  a  mesoscale,  numerical  weather  prediction  model. 
The  iterative  method  is  related  to  precipitation  prediction. 
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While  these  methods  do  ensure  successful  initialization  of  numerical 
models  they  do  not  necessarily  give  the  best  representation  of  the 
observational  data.  Errors  in  the  specification  of  boundary  values 
and  gradients  of  stream  function  or  velocity  potential  can  lead  to 
inconsistencies  with  the  observations  at  interior  points. 

A  number  of  sophisticated  prognostic  numerical  models  for  upper 
air  movement  are  to  be  found  in  the  literature.  These  dynamic 
models  are   generally  based  on  solving  the  primi t ive  equations  of 
motion  and  energy  which  permits  the  computation  of  the  evolution 
with  time  of  a  starting  meteorological  field.  Hemispherical  models 
are  routinely  used  by  weather  prediction  services  around  the  world. 

Continental  scale  models  are  available  such  as  those  described  by 
Tarbell  et  al  (1981)  for  precipitation  prediction,  Chang  et  al 
(1981)  for  investigating  severe  squall  lines,  Anthes  and  Warner  (1978) 
for  numerical  weather  prediction:  This  last  model  was  compared  with 
tetroon  trajectories  (Warner  (1981))  with  good  results.  The  objectives 
in  the  development  of  prognostic  models  are  rather  different  from  those 
presently  stated  for  the  analysis  of  historical  meteorological  and  air 
pollution  data.  For  prognosis,  one  must  of  necessity  use  a  full 
dynamic  description  of  the  atmosphere.  These  models  which  generally 
require  large  computer  resources  and  time,  have  to  be  initialized 
through  analysis  of  input  data.  Once  initialized,  the  prognostic 
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models  run  forward  in  time  and  any  errors  in  prediction  will 
propagate.  The  objective  of  these  models  is  to  obtain  a  best 
estimate  of  the  future  meteorological  fields  without  reliance 
on  further  data.  The  use  of  a  prognostic  model  does  not 
necessarily  result  in  a  better  description  of  the  wind  fields, 
divergence  and  vorticity,  than  an  analysis  of  observational 
data.  Where  prognostic  models  are  perceived  as  being  of  value 
for  the  analysis  of  historical  data,  is  in  the  temporal  inter- 
polation between  12-hourly  observational  intervals  of  OOOOZ  and 
1200Z  .  Even  when  used  in  this  manner,  the  model  predictions  have 
to  be  adjusted  on  the  basis  of  surface  observations. 

2. 3       Objective  Analysis  Schemes  for  Meteorological  Data 

Objective  analysis  schemes  range  from  full  three-dimensional 

analyses  such  as  those  used  for  initialization  described  in 

Section  2.2,  to  two-dimensional  cross-sectional  or  surface  analysis. 

For  the  objective  analysis  of  meteorological  fields,  the  observational 
data  invariably  has  to  be  interpolated  to  a  regular  grid.  The  manner 
in  which  this  interpolation  is  carried  out  is  extremely  critical  if 
excessive  filtering  of  information  is  to  be  avoided. 
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The  simplest  interpolation  is  inverse  distance  weighting.  Goodin, 
McRae  and  Seinfeld  (1979)  give  a  review  and  comparison  of  methods 
for  interpolating  sparse  vector  and  scalar  fields.  They  conclude 
that  a  second  order  polynomial  fit  with  inverse-squared  distance 
weighting  gives  superior  results  for  the  methods  tested. 

Sykes  and  Hatton  (1976)  describe  a  high  order  technique  for 
interpolation  in  space  and  time  using  orthogonal  polynomial 
fitting.  The  MEP  Company  has  experience  with  this  technique  which 
is  found  to  give  good  results  for  fitting  and  interpolation  of 
pressure  data. 

Other  interpolation  techniques  are  found  in  the  literature  such 
as  Lee  (1975),  Bleck  (1975)  and  Walton  et  al  (1978).  A  very  useful 
interpolation  technique  which  warrents  special  mention  is  that 
using  cubic  or  bi-cubic  splines.  (Cline  (197*0,  Ahlberg  et  al  ( 1 967) 
and  de  Boor  (1962)).  The  method  involves  piece-wise  fitting  of 
data  using  a  set  of  second  order  polynomials  which  match  and  have 
continuous  derivatives  at  arbitrary  node  points.  Spline  inter- 
polation has  been  extensively  used  for  meteorological  analysis. 
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Fankhauser  (197*0  carried  out  an  analysis  of  a  severe  storm  using 
radiosonde  data  up  to  100  mb  .  Special  ascents  gave  good  temporal 
resolution.  The  wind  components  were  interpolated  isobarically 
to  the  grid  and  the  resulting  wind  field  was  decomposed  into  a 
rotational  non-divergent  field  and  a  irrotational  divergent  field. 
Vertical  velocities  calculated  from  the  wind  field  divergence 
were  adjusted  to  be  consistent  with  boundary  value  constraints 
using  O'Brien's  (1970)  variational  technique. 

Mancuso,  Endlich  and  Ehernberger  (1981)  describe  an  objective  isobaric/ 
i sentropic  technique  for  upper  air  analysis.  Unlike  most  analysis  schemes 
where  interpolation  of  meteorological  parameters  is  done  isobarically, 
this  technique  recognizes  that  air  movement  tends  to  be  along 
isentropic  surfaces  rather  than  isobaric  surfaces.  Once  the  isentropic 
surfaces  are  defined,  all  interpolation  is  done  on  these  surfaces. 
Vertical  air  motion  is  far  better  resolved  using  this  technique. 
Mancuso  et  al  give  an  example  of  the  analysis  of  a  frontal 
system  which  is  in  good  agreement  with  a  subjective  analysis  of  the 
same  data.  Divergence,  stability  and  vorticity  distributions  are 
consistent  with  the  frontal  meteorology. 
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There  are  several  techniques  available  for  adjusting  wind  fields  to 
match  constraining  relationships  such  as  the  continuity  equation, 
or  balance  equation. 

Tuerpe,  Rodriguez,  Gresho  and  Sani  ,  (1978)  compare  the  variational 
minimizing  of  divergence  using  finite  element  rather  than  finite 
difference  techniques.  The  method  is  conceptually  similar  to  those 
described  by  Sasaki,  (1958),  (1970a),  (1970b):  These  papers 
describe  the  use  of  variational  techniques  for  objective  analysis 
of  meteorological  parameters.  The  techniques  may  be  applied  to 
reconcile  observations  with  various  functional  constraints  such 
as  the  quasi-geostrophic  equation  or  balance  equation. 

Endlich  (1967)  gives  a  very  attactive  technique  for  iteratively 
altering  the  kinematic  properties  of  wind  fields.  The  method  may 
be  used  to  decompose  the  wind  field  into  irrotattonal  and  non- 
divergent  components,  or  the  wind  field  may  be  altered  to  give  a 
mass  consistent  wind  field  with  a  specified  divergence  and  vorticity 
at  each  grid  point.  The  method  is  simple  to  apply  and  does  not 
require  the  specification  of  boundary  conditions.  The  scheme  described 
is  two-dimensional  but  is  easily  extended  to  mul t i -layered  models. 


2-28 


Stephens  and  Johnson,  (1978)  also  describe  a  two-dimensional 
scheme,  using  Fourier  transforms,  to  decompose  wind  field 
observations  into  divergent  and  rotational  components. 

O'Brien,  (1970)  describes  a  technique  whereby  the  vertical 
velocity  is  objectively  balanced  through  minimizing  the 
variation  integral  of  the  divergence.  A  scheme  for  correcting 
the  vertical  velocity  and  constraining  its  boundary  values 
is  given.  O'Briens  method  is  frequently  used  to  refine  divergence 
estimates  from  upper  air  analys  i  s  (Fankhauser  (197M  ,  Keyser  (1978)). 


3.       WIND  FIELD  MODELS 

3. 1       General  Overview  of  Modeling  Methodology  and  Objectives 

3.1.1     I ntroduct  ion 

The  specification  of  transport  winds  for  the  purpose  of  long-range 
transport  is  probably  the  most  problematic  aspect  in  short-term 
episodic  modeling.  This  is  due  to  the  necessity  of  accounting  for 
several  ranges  of  phenomena  as  displayed  in  Figure  3  •  1  ,  which  shows 
the  three  scales  which  make  up  the  bulk  of  available  energy  in 
the  atmosphere. 

The  synoptic  scale  motions,  which  operate  on  the  scale  of  several 
hundred  kilometers  and  greater,  are  adequately  monitored,  for  the 
most  part,  over  the  North  American  Continent.  Standard  analysis 
programs  of  the  numerical  weather  prediction  process  provide  data 
on  the  growth  and  movement  of  synoptic  systems  which  can  be  used 
to  determine  the  primary  control  on  continental  flow  patterns. 
This  analysis  can  also  be  used  to  obtain  information  on  vertical 
motions  due  to  the  large-scale  systems. 

The  mesoscale  wind  fluctuations  reflect  the  effect  of  topographic 
and  heat  transfer  differentials  over  scales  of  several  tens  of 
kilometers.  Fluctuations  on  this  scale  are  most  difficult  to 
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Figure  3.1 
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treat  adequately  due  to  the  large  number  of  controlling  variables. 
Nevertheless,  mesoscale  models  have  been  developed  and  used  for 
specific  applications  such  as  sea-breeze  effects  (McNider  and 
Pielke,  1979),  and  urban  situations  (Pandolfo  and  Jacobs  (1973), 
Bornstein  and  Runca  (1977)) • 

The  integration  of  the  mesoscale  description  into  the  synoptic 
scale,  to  allow  high  resolution  of  the  transport  fields  over 
long-range,  poses  a  still  more  intractable  problem,  which  is  not 
adequately  addressed  by  present-day  long-range  transport  models. 

The  small-scale  fluctuations  in  wind  fields  result  from  the 
turbulence  imposed  on  flow  in  the  planetary  boundary  layer  by 
f notional  effects  of  the  roughness  elements  and  the  thermally 
generated  small  scale  turbulence  of  the  flow.  The  theory  of  the 
PBL  structure  and  its  characteristics  is  now  fairly  well  understood 
The  effect  of  this  scale  of  fluctuation  on  long-range  transport  of 
plumes  is  to  induce  growth  of  the  plume  in  the  horizontal  and 
vertical  dimensions,  and  is  the  major  influence  on  dilution  of 
the  initial  plume  over  the  first  few  hours  of  travel.  The  vertical 
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growth  of  the  plume  also  has  the  effect  of  imposing  a  changing 
transport  wind  regime,  leading  to  shearing  of  the  plume  with 
height,  and  altering  the  trajectory  of  part  of  the  plume  material. 

Since  the  wind  field  model  which  is  to  be  designed  is  constrained 
by  present  day  computer  capability  and  availability  of  observational 
data,  it  will  of  necessity  be  a  considerable  simplification  of  a 
full  description  of  the  synoptic  and  mesoscale  dynamics  of  the 
true  wi  nd  field. 

In  order  to  proceed  with  the  development  of  the  wind  field  model 
it  is  necessary  to  set  down  the  minimum  requirements  of  the  model 
which  are   consistent  with  those  aspects  which  have  high  order 
effects  on  the  transport  and  dispersion  of  airborne  pollutants. 
A  review  of  currently  available  methods  for  generating  wind  fields 
has  been  given  in  Section  2  .  This  section  of  the  report  details 
the  modeling  objectives  and  criteria  which  lead  to  the  proposed 
model  development  which  is  described  in  Sections  3-2  to  3.^  . 
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3.1.2     Wind  Field  Model  Requirements 

The  wind  field  model  development  is  dictated  by  the  degree  of  detail 
which  will  be  included  in  the  dispersion  model:  There  is  no  point 
in  ovei — definition  of  the  transport  winds  if  much  of  the  detail  is 
not  resolved  by  the  dispersion  model.  Dispersion  of  airborne 
material  is  to  be  modeled  on  two  scales:  The  long-range  scale 
extends  to  4000  km  with  a  spatial  resolution  of  1   in  latitude 
and  longtitude  while  the  mesoscale  model  has  a  resolution  of  0.1 
and  extends  to  500  km  .  Fine  vertical  resolution  is  a  feature 
of  both  scales  with  up  to  twelve  levels  extending,  in  both  cases, 
to  5  km  . 

Since  the  dispersion  model  is  of  the  Eulerian  rather  than  Langrangian 
type,  the  wind  field  must  be  mass  consistent:  The  dispersion  model 
provides  a  numerical  solution  of  the  Eulerian  mass  conservation 
equation  and  unless  the  winds  used  in  the  advection  terms  are  not 
themselves  a  solution  of  the  continuity  equation,  meaningless 
results  will  be  obtained  due  to  spurious  divergence  in  the  mass  field 

Vertical  air  motion  is  an  extremely  important  feature  of  the  wind 
field  under  some  circumstances.  Vertical  transport  of  an  airborne 
material  can  occur  through  diffusion  and  through  bulk  vertical 
motion  of  the  transport  winds.  In  most  circumstances,  the  diffusion 
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processes  are  more  rapid  than  vertical  transport.  In  the  vicinity 
of  a  frontal  system,  however,  the  reverse  can  be  true  and  surface 
air  can  be  lifted  by  the  front  at  a  greater  rate  than  diffusion 
alone.  The  manner  In  which  vertical  motion  is  derived  in  the  wind 
field  model  is  extremely  critical  if  a  meaningful  representation 
of  vertical  transport  due  to  diffusion  and  vertical  motion  is 
to  be  retained  by  the  Eulerian  model.  Under  some  circumstances, 
an  incorrect  specification  of  the  vertical  wind  speed  can  'swamp'  the 
vertical  diffusion  terms  of  the  model. 

For  past  Eulerian  models,  the  vertical  motion  problem  has  often 
been  artificially  eliminated  by  setting  vertical  wind  components 
to  zero.  Clearly,  such  a  model  cannot  give  meaningful  results 
near  frontal  systems.  In  the  present  model  development  a  great 
deal  of  attention  is  given  to  the  proper  modeling  of  vertical 
ai  r  movement. 

Another  aspect  of  the  wind  field  which  has  been  recognized  in 
recent  years  as  extremely  important  is  the  nocturnal  jet  which 
may  develop  aloft  under  very  stable  conditions.  The  nocturnal  jet 
flow  is  significantly  super-geostrophic  and  since  it  occurs  at 
a  height  within  the  day  time  mixed  layer,  it  can  transport 
pollutants  over  anomolous  distances  during  the  night  hours.  Well 
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validated  models  of  the  nocturnal  jet  are  not  available;  However, 
it  is  too  important  a  feature  to  neglect  and  a  proposed  nocturnal 
jet  modeling  scheme  has  been  included  in  the  wind  field  model. 

Other  aspects  which  assume  importance  on  the  mesoscale  are  the 
interaction  between  the  surface  winds  and  topography,  and  local 
circulation  such  as  the  urban  heat  island  and  land/sea  or  lake 
breezes . 

3.1.3     Overall  Model  Description 

3.1.3-1   Development  of  Wind  Field  Model  Design  Based  on 
Originally  Proposed  Design  Concept 

Figure  3-2  shows  schematically,  the  original  wind  field  model 
design  concept.  The  originally  proposed  wind  field  design  was 
consistent  with  the  stated  requirements  at  that  time,  of  the 
proposed  diffusion  model  which  did  not  include  vertical  motion 
and  which  had  a  modeling  domain  extending  to  1,500  rn  .  Both  the 
wind  field  and  diffusion  model  design  concepts  were  submitted 
for  Peer  Review.  The  following  changes  to  the  diffusion  model 
design,  which  affect  the  wind  field  model  design,  were  recommended 
by  the  Peer  Review  Committee. 
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i)   Vertical  motion  should  not  be  neglected  in  the 
d  i  f f us  ion  model . 

ii)  The  modeling  domain  for  diffusion  should  extend 
to  5  km  instead  of  the  proposed  1 . 5  km  . 


These  recommendations  have  necessitated  modifications  to  the 
design  proposal  as  follows: 

i)   Step  08)  {See  Figure  3-2):   Since  the  revised  diffusion 
modeling  domain  extends  to  5  km  (approximately  550  mb) 
and  includes  vertical  motion,  it  is  not  feasible  to  calculate 
layer  average  winds  much  above  the  atmospheric  boundary 
layer  using  the  surface  geostrophic  wind  calculated  from 
sea  level  pressures.  Furthermore,  since  vertical  motion 
up  to  5  km  must  be  incorporated,  a  simple  derivation  of 
divergence  from  temporally  interpolated  radiosonde  winds 
will  be  totally  unsatisfactory.  The  revised  design,  therefore, 
incorporates  an  isentropic  analysis  of  upper  air  data  to 
ensure  that  divergence  and  vertical  motion  are   properly 
interpolated  for  the  wind  field:  Frontal  features  are  a 
prime  consideration  in  the  design. 

ii)  Steps  (15(a)  and  21(a)):  The  technique  of  Good i n  et  al 

(1980),  relies  on  a  very  dense  network  of  wind  observations, 
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tf  vertical  motion  for  the  revised  design  requirements 
is  to  be  properly  determined  from  observations  using  their 
technique.  Instead,  surface  divergence  has  been  estimated 
by  parameterization  and  divergence  at  the  top  of  the 
atmospheric  boundary  layer  has  been  matched  with  that 
from  the  synoptic  scale  upper  air  analysis.  For  mesoscale 
regions  where  a  dense  network  of  observations  is  available, 
these  observations  are  incorporated  into  the  surface  wind 
field. 

iii)  Steps  (21  and  21(a)):   Since  horizontal  wind  divergence 

will  be  a  feature  of  the  revised  diffusion  model  requirements, 
divergence  reduction  and  elimination  are  not  required. 
Instead,  Endlich  ( 1967)  is  used  to  adjust  the  layer  average 
horizontal  winds  to  give  a  mass  consistent  wind  field  with 
prescribed  interpolated  divergence:  Only  noise  in  the 
divergence  due  to  temporal  interpolation  of  winds  is 
eliminated  for  both  the  mesoscale  and  long-range  wind  field 
model s . 

These  are  the  changes  in  the  originally  proposed  design  concept  which 
have  been  made  to  reflect  the  recommendations  of  the  Peer  Review 
Committee.  Another  modification  which  is  proposed  but  which  does 
not  alter  the  overall  design  concept  is  as  follows: 
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i)   Steps  (15)  and  (18):   In  the  original  design  concept  it 
was  proposed  to  use  a  simple  powei — law  to  interpolate 
between  the  surface  layer  winds  and  the  surface  geostrophic 
wind  with  the  surface  layer  winds  determined  using  the 
drag  law  relationships  of  Agnew  (1977)  or  Nieuwstadt  (1981) 
This  originally  proposed  method  does  not  ensure  continuity 
of  the  wind  speed  gradient  within  the  boundary  layer  and 
is  somewhat  arbitrary.  As  an  alternative  proposal,  a 
interpolation  procedure  which  ensures  continuity  of  wind 
speed  and  shear  stress  is  given  in  this  design  document. 
The  drag  law  similarity  functions  which  result  from  the 
matching  procedure  are  in  very  good  agreement  with  those 
of  Arya  (1975)  and  Zi 1  i t i nkevich  (1975)  for  unstable 
conditions  and  with  Arya(l975)  and  Yamada  (1976)  for  stable 
conditions:  The  determination  of  surface  layer  winds  is 
therefore  essentially  the  same  as  those  derived  using 
drag  law  similarity  functions  as  originally  proposed  and 
it  is  only  the  power  law  interpolation  procedure  which 
it  is  proposed  to  change. 
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3.1.3.2   Summary  of  Proposed  Design 

Figure  3.3  is  a  diagrammatic  summary  of  the  long-range  and  mesoscale 
wind  field  models  together  with  data  requirements.  Three  distinct 
steps  are  involved  in  the  modeling  procedure:  (i)  upper  air  analysis, 
(ii)  atmospheric  boundary  layer  analysis  and  (iii)  reduction  of  the 
wind  field  to  mass  consistent  components  on  the  Eulerian  grid. 

The  modeling  procedure  has  been  designed  to  ensure  that  the  vertical 
wind  component  retains  its  significance  and  is  properly  reflected 
in  the  final  wind  field.  This  is  achieved  by  identifying  and 
quantifying  sources  of  horizontal  wind  divergence  which  lead  to 
vertical  motion:  These  divergent  components  are  preserved  through 
the  various  interpolation  steps  and  any  additional  divergence 
introduced  by  the  process  of  analysis  is  eliminated. 

In  the  upper  air,  on  a  scale  of  several  tens  of  kilometers, 
vertical  motion  is  determined  by  phenomena  on  a  synoptic  scale. 
Upper  air  divergence  is  impressed  on  the  atmospheric  boundary 
layer  through  'steering'  of  the  boundary  layer  flow  by  the 
divergent  winds  at  its  upper  edge.  Vertical  motion  relative  to 
the  terrain  decreases  to  zero  at  the  surface.  Another  source 
of  vertical  motion  in  the  upper-air  on  the  mesoscale,  is 
convective  storm  activity:  This  convection  cannot  be  reasonably 
modeled  determini st ical ly  and  is  not  included  in  the  wind  field 
model . 
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Within  the  atmospheric  boundary  layer,  several  sources  of  vertical 
motion  can  be  identified,  such  as  topographic  effects,  horizontal 
wind  divergence  due  to  spatial   changes  in  surface  roughness, 
type  and  stability,  and  local  circulations.  These  effects  are 
mainly  visible  on  the  mesoscale  and  are  not  resolved  by  the 
long-range  grid:  The  atmospheric  boundary  layer  for  the  long-range 
model  will  therefore  reflect  only  the  divergence  and  vertical  motion 
impressed  upon  it  by  the  synoptic  scale  flow.  On  the  mesoscale, 
however,  local  divergence  will  influence  the  boundary  layer  flow, 
but  except  in  cases  of  gross  topographic  relief,  these  mesoscale 
perturbations  will  decrease  to  insignificant  levels  at  the  top 

of  the  ABL  where  the  vertical  motion  is  again  determined  by 
the  synoptic  scale  motion.  While  the  long-range  and  mesoscale 
modeling  procedures  are  in  essence  similar,  the  treatment  of 
divergence  within  the  ABL  is  slightly  different  as  is  shown 
in  Figure  3-3  . 

3.1.3.3   Upper  Air  Analysis 

Upper  air  analysis  to  250  mb  is  based  on  radiosonde  data  and  CMC 
analysis  products.  The  problems  to  be  confronted  for  the  upper 
air  analysis  are   those  associated  with  spatial  and  temporal 
interpolation  of  cbservat ional  data.  Spatial  interpolation  at 
observational  hours  is  accomplished  using  the  isentropic 


I 

-  3-15 

I 

technique  of  Mancuso,  Endlich  and  Ehernberger  ( 1 98 1 )  .  This 

w;  technique  recognizes  the  importance  of  vertical  motion.  Temporal 

interpolation  between  12-hourly  radiosoundi ngs  is  also  done 
isentropical ly  with  the  assistance  of  6-hourly  CMC  analyses.  To 

■  preserve  the  significance  of  parameters,  (such  as  stability, 
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vorticity  and  wind  divergence  derived  from  the  observational 
data),  through  the  temporal  interpolation,  the  derived  values 
are  interpolated  rather  than  deriving  them  at  each  step  from  the 
interpolated  primary  data.  Divergence  estimates  are  examined  at 
each  step  and  are  adjusted  to  conform  to  boundary  constraints 
using  the  variational  technique  of  O'Brien  (1970)  .  The  meso- 
scale  sub-grid,  if  required,  is  included  as  a  sub-set  for 
interpolation  at  this  stage. 

3.1.3-^   Atmospheric  Boundary  Layer  Analysis 

Surface  pressure  data  and  850  mb  temperatures  are  analysed  to 
permit  the  estimation  of  an  hourly  surface  geostrophic  wind. 
For  the  mesoscale  model,  the  upper  air  wind  field  and  frictionless 
surface  wind  are  rendered  mass  consistent  using  Endlich  (1967) 
retaining  only  those  components  of  divergence  derived  from  the 
synoptic  scale  motion. 
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Boundary-layer  profiles  of  wind,  temperature  and  humidity  are 
obtained  by  Interpolating  between  the  top  of  the  surface  layer 
similarity  profile  and  the  free  flow  at  the  top  of  atmospheric 
boundary  layer  using  an  Ekman/Taylor  layer  profile.  Land  and 
water  surfaces  are  considered. 

A  model  which  requires  some  further  development  is  proposed  for 
inclusion  of  the  nocturnal  jet.  For  the  mesoscale  model, 
the  boundary  layer  which  at  this  stage  contains  divergence  due 
to  the  upper  air  motion  and  due  to  spatial  changes  in  surface 
roughness,  type  and  stability,  is  further  perturbed  by 
topography  using  the  technique  of  Anderson  (1971)  •  Finally, 
on  the  mesoscale,  information  contained  in  the  surface  winds 
is  incorporated  into  the  boundary  layer  flow  using  the  technique 
of  Cressman  (i960).  In  areas  where  surface  wind  data  are   very 
sparse,  it  may  be  necessary  to  omit  this  step.  The  divergence 
in  the  several  layers  of  the  mesoscale  ABL  is  then  calculated 
and  these  estimates  are  adjusted  using  a  variational  technique 
to  match  with  the  vertical  motion  of  the  synoptic  scale  analysis 
at  the  top  of  the  ABL  . 
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The  final  steps  in  the  modeling  procedure  are  to  adjust  the 
horizontal  wind  components  to  render  the  wind  fields  mass 
consistent  using  Endlich  (1967)  and  to  calculate  vertical 
components  at  each  grid  point  of  the  Eulerian  grid   (vertical 
wind  components  which  are  determined  from  interpolated  divergence 
estimates,  are  not  altered). 

3.2       Upper  Ai  r  Analys  i  s 
3.2.1     Objectives  and  Overview 

The  purpose  of  carrying  out  an  analysis  of  the  upper  air 
meteorological  observations  is  to  provide  gridded  values 
of  wind,  stability  and  mixing  ratio  with  good  spatial  and 
temporal  resolution  for  use  in  the  dispersion  model.  The 
analysis  described  in  this  section  deals  only  with  the 
meteorology  above  the  atmospheric  boundary  layer  which 
under  super-ad iaba t ic  conditions  can  extend  to  1  or  2  km  . 
For  purposes  of  the  dispersion  model,  the  modeling  domain 
extends  to  5  km  above  the  surface. 
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In  view  of  the  relative  sparseness  of  observational  data  when 
compared  to  the  density  of  the  calculating  grid,  it  is  necessary 
to  enhance  the  density  of  the  information  contained  in  the  data 
using  interpolation  methods  which  are  consistent  with  the 
prevailing  meteorology.  Under  ideal  conditions  with  a  barotropic 
atmosphere,  the  heights  of  pressure  surfaces  are  constant  and 
parallel  to  isentropic  (constant  potential  temperature)  surfaces: 
Air  motion  is  horizontal  and  vertical  motion  is  absent.  This 
meteorological  condition  is  virtually  featureless  and  horizontal 
interpolation  of  observational  data  to  a  regular  grid  may  be 
carried  out  independently  at  fixed  levels,  (i.e.  barotropical ly) . 

Under  most  meteorological  conditions  the  atmosphere  departs  from 
the  barotropic  condition  and  is  baroclinic:  Large  baroclinic 
effects  are  features  of  frontal  systems.  Under  these  circumstances, 
isobaric  surfaces  are  spatially  variable  in  height  and  not 
necessary  parallel  to  isentropic  surfaces  which  may  "ntersect  the 
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1000  mb  level  and  have  large  slopes  particularly  near  a  frontal 
system.  Air  motion  is  not  everywhere  parallel  to  the  earth's 
surface  and  considerable  horizontal  wind  divergence  is  evident  in 
the  wind  field:  This  divergence  results  in  vertical  air  movement 
which  cannot  be  neglected  with  respect  to  vertical  diffusion 
in  the  dispersion  model.  Barotropic  interpolation  is  not  appropriate 
for  a  strongly  baroclinic  atmosphere   since  such  interpolation, 
incorrectly  implies  that  at  a  grid  point,  meteorological  parameters 
such  as  wind,  stability  and  mixing  ratio  are  always  directly 
related  to  their  values  at  adjacent  grid  points  on  the  same  level. 
The  free  atmosphere  however,  may  be  described  as  quasi -isentropic 
and  air  tends  to  move  along  isentropic  surfaces:  Meteorological 
variables  on  isentropic  surfaces  are  more  continuous  and  tend 
to  vary  more  linearly  along  these  surfaces  than  on  isobaric  or 
constant  height  surfaces. 

Mancuso,  Endlich  and  Ehernberger  ( 1 98 1 )  have  discussed  the  advantages 
of  performing  analyses  oh  isentropic  surfaces  and  have  formulated 
and  tested  a  objective  technique  for  carrying  out  such  upper  air 
analysis.  The  objective  scheme  described  in  the  following  section 
is  largely  based  on  their  method  although  we  have  extended  the 
method  to  permit  temporal  interpolation  of  the  meteorological 


3  -  20 


fields  between  twice  daily  station  soundings. 

The  results  of  the  objective  scheme  give  hourly  winds  (including 
vertical  motion)  stability  and  mixing  ratio  at  all  nodes  of  the 
calculation  grid  above  the  atmospheric  boundary  layer. 

3.2.2     Objective  Scheme  for  Upper  Air  Analyses  at  12-Hourly 
Observational  Intervals 

This  stage  of  the  analysis  is  summarized  in  Figure  3  -k    .  Following 
Mancuso  et  al  ( 1 98 1 )  the  upper  air  analysis  is  generated  for  the 
observation  hours  of  0O00Z  and  1200Z  using  isentropic  interpolation 
of  radiosonde  information. 

The  radiosonde  pressures  are  reduced  to  geo-potent ial  meters 
(or  heights)  using  the  usual  relationship  (Hess,  (1959)  • 


RT.      p. 
Az.   = L  in     _^  (3.2.1) 

9       P;-i 


where  Az.  is  the  vertical  distance  interval  corresponding  to  a 

pressure  decrease  from  p.    to  p.  (equals  50  mb  for  standard  pressure 

1  -1     1 

levels),  R  is  the  gas  constant,  g  is  the  gravitational  constant 

—  A 

and  the  average  virtual  temperature,  T  ,  is  given  in  terms  of  the 
mixing  ratio,  r,  and  temperature  T  by 
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AT  EACH  GRID  NODE,  INTERPOLATE  FOR 
WIND,  MIXING  RATIO,  AND  STABILITY 
FROM  RADIOSONDE  DATA  ON  THE  SAME 
POTENTIAL  TEMPERATURE  SURFACE.  USE 
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P.ESULTS:   GRIDDED  UPPER  AIR  ANALYSIS  OF 
RADIOSONDE  DATA  FOR  THE  OBSERVATIONAL 
HOURS  OF  OOOOZ  AND  1200Z.  DATA  ANALYSED 
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HORIZONTAL  DIVERGENCE  AND  VORTICITY 


Fig.  3.k 
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The  observed  temperatures  are  converted  to  potential  temperature, 
8,  (proportional  to  entropy)  using 


6  =  T 


1000 


V 


(3.2.3) 


where     <      is  R/C  for  air  (=0.286  for  dry  air) 

P 


3.2.2.1   Choice  of  Grid  for  Objective  Analysis 

The  calculating  grid  for  the  dispersion  model  extends  to  5000  m 
and  has  a  maximum  of  twelve  layers,  many  of  which  will  be  in  the 
atmospheric  boundary  layer  below  1500  m  .  In  order  to  compute  the 
distributions  of  divergence  and  vorticity  from  the  objective  analysis 
above  1500  m  ,  it  is  necessary  to  have  a  grid  of  better  vertical 
resolution  that  that  required  for  the  Eulerian  model  and  to  extend 
the  analysis  to  10  km  .  In  the  presence  of  a  frontal  system,  the 
isentropic  surfaces  can  be  steeply  inclined  and  a  surface  at  a 
height  of  10  km  can  intersect  the  underlying  terrain  at  distances 
of  the  order  of  2000  km  . 
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For  the  objective  analysis,  the  vertical  grid  spacings  given  in 
Table  3»1  will  be  used. 

Table  3-1 


Calculation  Grid  for  Upper  Air  Analysis 


Level        Pressure        Approximate        Approximate 
Height  Thickness 

wib  m  m 


1  850  1500  500 

2  800  2000  500 

3  750  2500  500 

4  700  3000  600 

5  650  3600  700 

6  600  4300  700 

7  550  5000  700 

8  500  5700  700 

9  ^50  6400  700 
10  400  7100  1000 


11  350  8100  1000 

12  300  9100  1200 

13  250  10300 


The  horizontal  grid  coincides  with  the  Eulerian  grid  which  has  1 
Intervals  in  latitude  and  longitude  for  the  long-range  and  0.1° 
for  the  mesoscale  model. 


o 
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It  would  be  economical,  although  net  essential,  if  each  upper 
level  of  the  Eulerian  grid  coincides  with  one  of  the  levels  for 
objective  analysis. 

3.2.2.2   Isentropic  Interpolation  of  Radiosonde  Data  to  Grid 

Isentropic  interpolation  involves  calculating  the  potential 
temperature  at  each  grid  point  and  then  interpolating  meteorological 
variables  from  surrounding  observations  on  the  same  potential 
temperature  surface. 

The  potential  temperature  at  each  grid  point  is  obtained  using 
barotropic  (or  constant  height)  interpolation:  A  second-order 
polynomial  surface  fitted  to  the  data  at  the  nearest  eight  radio- 
sonde observations  will  be  used  for  interpolation. 


2        2 

q  =  ci  +  c2x  +  c3y  +  Ci,x  +  csy  +  c6xy 


(3.2.4) 


Minimizing  the  residuals  gives  the  set  of  normal  equations 


3  ^2 

I     w   (q   -  q  ) 

3c,  L  ■ 


=  0 


(3.2.5) 


k  =   1  to  6 

i  =  1  to  8 
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The  weighting  factor,  w. ,  is  anisotropic  in  that  it  gives  more 
weight  to  observations  along  the  wind  direction,  than  to  those 
normal  to  the  wind.  Mancuso  et  al  (1981)  used 

w.  s   £ (3-2.6) 

l 


[c2  +  R2  +  (as)2] 


where     C   =  1 57  km 
a   =  /T~ 
R   =  distance  from  grid  point 


and 


k-R  x  V  (3.2.7) 


Solution  of  the  set  of  linear  normal  equation  (Equations  (3.2.5) 
for  the  coefficients  in  Equation  (3.2.4)  is  routine. 


Once  the  potential  temperature  at  each  grid  point,  0  ,  has  been 
calculated,  the  meteorological  data  at  the  levels  corresponding  to 
8=0   (i.e.  on  the  same  potential  temperature  surface)  for  the 
eight  closest  soundings,  are  determined  from  the  sounding  data  by 
vertical  interpolation  using  cubic  splines  under  tension  (Cline  (197*0  . 
These  data  together  with  weighting  factors  calculated  from 
Equation  (3.2.6)  are  used  for  the  interpolation  to  the  grid  point 
in  question.  The  meteorological  parameters  interpolated  in  this 
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manner  are: 


u  and  v  wind  components 

-  mixing  ratio 

-  stability 


The  stabi 1 i  ty 


1 
e 

ae 

3z 

t       J 

(3-2.8) 


is  calculated  from  the  sounding  data. 

It  is  preferred  for  reasons  of  accuracy  to  calculate  stability 
from  data  before  interpolation  rather  than  from  the  9  -  profiles 
after  interpolation  to  the  grid. 


This  completes  the  interpolation  of  radiosonde  observations 
yielding  gridded  winds,  temperatures,  mixing  ratios  and  stability 
at  0000Z  and  12002  . 
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3.2.2.3   Calculation  of  Upper  Air  Divergence  and  Vorticity 

Using  curvilinear  co-ordinates  of  latitude,  $,  longtitude  A 
and  elevation,  z,  the  horizontal  wind  divergence  and  vertical 
component  of  vorticity  maybe  written 

Divergence  =  V.\U  yx  -ff-  +y^  [  j*_  -  v  tan  *]  (3.2.9) 

Vorticity  V  yx  1^-  -  y^[  §H-  -  u  tan  $  ]  (3.2.10) 

J_  (3.2.11) 


where     y  ■ 


Rcos<J> 


V  4"  (3.2.12) 


Neglecting  the  relatively  small  terms  -(v  tan  <$>)  /R  in  the 
divergence  and  (u  tan  <j>)/R  in  the  vorticity  one  obtains 


B  •  "x  -ir  ♦  "♦ -tr  <3-2-'3' 


and 


v  ^  -sr  *  W*TT  (3-2-14) 


;»|| 
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or  in  central  difference  form,  at  a  grid  point  (i,  j,  k) 


D...  -  — ^ +  -* Ik  (3.2.15) 


i  jk 


2AX  2A4> 


[V>  "  V.  ]  Jk   .  y  t  "+1  '  "-1 


and  *ijk"   px- 


ik 


(3-2.16) 


2AX  2£c& 


Using  the  above  finite  difference  forms,  the  horizontal  divergence 
and  vertical  component  of  vorticity  are  calculated  at  each  grid 
point  from  the  interpolated  radiosonde  data  for  0000Z  and  1200Z  . 

Mancuso  et  al  have  applied  this  objective  technique  to  three  test 
cases  and  present  one  case  in  their  paper  involving  a  cold  front 
system.  The  results  of  the  objective  technique  are  compared 
qualitatively  with  subjective  hand  analysis  of  the  same  data. 
The  computer  generated  results  show  good  agreement  with  the 
subjective  analysis,  and  are  found  to  depict  the  baroclinic  features 
of  both  the  temperature  and  wind  fields.  The  objective  analyses 
of  stability  and  divergence  are  very  satisfactory,  giving  results 
which  are  compatible  with  the  frontal  surface. 
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3.2.2.J*   Variational  Scheme  for  Adjustment  of  Divergence  Estimates 

At  each  level  the  divergence  estimated  from  equation  (3.2.15)  is 
subject  to  error  and  when  vertical  velocity  is  calculated  by 
vertical  summation  of  the  divergence  contributions,  the  error 
propagates  and  can  lead  to  erroneous  estimates  of  the  vertical 
velocity  at  the  upper  levels.  O'Brien  (1970)  has  proposed  a 
variational  technique  for  adjusting  the  divergence  contributions 
in  each  level  so  that  realistic  boundary  values  of  vertical 
velocity  are  obtained. 

The  equation  of  continuity  in  pressure  co-ordinates  may  be 
wr i tten 


»£  +  f"  +  *    =o  (3.2.17) 

dp  3x     Sy 


where     u  ■  -pgw  for  a  steady  barotropic  atmosphere. 
Integrating  over  a  slice  of  the  atmosphere  Ap,  gives 


wk  -  u>k_a  +  Dk  (3.2.18) 


where     D,  is  the  horizontal  wind  divergence  estimate  in 


the  k-th  layer. 
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Hence,  an  initial  estimate  of  the  w  -  profile  may  be  made  from 
the  divergence  estimates. 

Assuming  that  the  error  of  divergence  estimate  is  proportional 
to  the  wind  speed,  adjustments  to  the  divergence  estimates  are 
made  using 

D^  =  Dk  -  —  (u>k  -  wT)  (3.2.19) 


where     D*   is  the  adjusted  divergence,  V  is  the  layer 
wind  speed  and 


C,  =  I  V  (3-2.20) 

k     ,  n 

n=i 


The  values  of  id  at  the  surface  and  at  the  top  of  the  domain 
(k  «  K)  are  assumed  to  be  zero.  The  adjusted  omega  values  are 
given  by 


where     w  is  the  desired  value  at  the  top  of  the  domain 
(=0)  and  0)  is  the  initial  estimate  of  U  at 
the  top  of  the  domain. 


I 

I 
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In  order  to  implement  O'Brien's  technique,  the  average  divergence 

over  each  50  mb  layer  is  calculated  and  an  initial  estimate  of  to_ 

is  obtained  using  Equation  (3.2.18)  .  The  vertical  wind  speed 

at  each  pressure  level  is  computed  and  the  divergence  estimates 

at  each  level  are  adjusted  by  applying  Equations  (3.2.19)  and  (3.2.21) 

with  wK  =  0  . 

The  adjusted  divergences  are  then  calculated  at  each  grid  by  linear 
interpolation  from  the  layer  average  values. 

3.2.3     Objective  Scheme  for  Temporal  Interpolation  of 
U  pper  Ai  r  Analysis 

Section  3-2.2  describes  an  objective  scheme  for  upper  air  analysis 
which  is  firmly  based  on  observational  data  and  which  is  of  spatial 
resolution  consistent  with  the  resolution  of  the  upper  layers  of 
the  Eulerian  calculation  grid.  The  frequency  with  which  such 
detailed  upper  air  analysis  may  be  performed  is  limited  to  the 
twice-daily  soundings  at  the  synoptic  hours  of  00002  and  1200Z  . 
The  temporal  resolution  of  the  Eulerian  model,  which  uses  a  time 
step  of  one  hour  for  meteorological  fields,  is  much  finer  than  the 
temporal  detail  provided  by  12-hourly  upper  air  analyses  :  An 
objective  scheme  has  been  developed  to  carry  out  temporal  inter- 
polation between  upper  air  analyses  to  give  the  one  hour  resolution 
required  by  the  Eulerian  model. 
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When  the  atmosphere  in  the  modeling  domain  is  reasonable  quiescent 
over  a  12-hour  period,  temporal  interpolation  using  a  relatively 
simple  scheme  will  likely  be  satisfactory.  However,  as  with  spatial 
interpolation,  in  the  presence  of  a  frontal  system,  temporal 
interpolation  is  much  more  difficult  and  must  be  carried  out  in  a 
manner  which  is  consistent  with  the  meteorology  prevailing  during 
the  period  :  Simple  time  interpolation  on  barotropic  surfaces  will 
not  be  satisfactory. 

Again,  use  is  made  of  the  quasi -i sentropic  nature  of  the  free 
atmosphere  for  time  interpolation.  The  objective  technique  is 
assisted  by  the  use  of  6-hourly  analyses  which  are  available  on 
tape  as  a  standard  product  from  the  Canadian  Meteorological  Centre 
(CMC)  .  These  analyses  are  based  on  a  hemispherical,  primitive  equation 
model  run  d i agnost ical ly  using  observational  data  available  at  the 
synoptic  hours  of  0000Z  and  1200Z  .  Archived  results  are  kept  for 
two  years  plus  the  current  year.  Analysed  parameters  which  are 
available  on  a  381  km  polar  stereographic  grid,  are  wind,  height, 
temperature  and  dew  point  on  the  1000  mb,  850,  700,  500,  400,  300, 
250,  200,  150,  100  isobaric  surfaces.  The  vertical  resolution  of  these 
analyses  is  somewhat  less  than  that  provided  by  radiosonde  data 
(which  report  at  50  mb  intervals  and  at  significant  levels), 
however,  these  analyses  greatly  enhance  the  temporal  interpolation 
of  upper  ai  r  data. 
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The  possibility  exists  of  using  the  CMC  model  to  generate  hourly 
hemispherical  analyses  which  would  further  improve  the  accuracy 
of  the  temporal  interpolation.  However,  for  purposes  of  this 
present  design  document  only  currently  available  meteorological 
products  are  relied  upon. 

3-2.3.1   Temporal  Interpolation  of  Isentropic  Surfaces  and 
Associated  Meteorological  Parameters 

In  order  to  trace  the  motion  of  isentropic  surfaces  it  is  first 
necessary  to  define  these  surfaces  on  the  analysis  grid  at  the 
two  synoptic  observation  times  as  well  as  at  the  intermediate 
CMC  analysis  times  of  0600Z  and  1800Z  . 

The  CMC  analyses  at  0600Z  and  1800Z  require  preprocessing  to 
reduce  the  data  to  the  X,  <j>,  z  co-ordinate  system  from  the  381  km 
polar-stereographic  CMC  grid  on  which  the  analyses  are  reported. 
Figure  3- 5  summarizes  the  processing  of  CMC  analyses. 


Once  the  co-ordinate  transformation  has  been  done,  the  CMC  analysis 
results  are  interpolated  to  50  mb  intervals  and  are  then  treated  in 
the  same  manner  as  the  radiosonde  data  to  produce  gridded  values 
of  wind,  mixing  ratio,  potential  temperature,  stability, 
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REDUCTION  OF  CMC  ANALYSES  TO 
UPPER-AIR  ANALYSIS  GRID 


CMC  Analyses 

ANALYSES  OF  WIND,  TEMPERATURE , 
MIXING  RATIO  AND  PRESSURE  HEIGHTS 
AT  1000,  850,  700,  500,  400  AND 
300  MB  ON  381  KM  POLAR  STEREOGRAPHIC 
GRID.  AVAILABLE  AT  OOZ,  06Z,  12Z,  AND 
18Z  (ONLY  06Z  AND  18Z  ANALYSES  USED) 


CONVERT  FROM  POLAR  STEREOGRAPHIC  COORDINATES 
TO  CURVILINEAR  COORDINATES  OF  LATITUDE  AND 
LONGITUDE 


PROCESS  THE  VERTICAL  DATA  AT  EACH  GRID  POINT 
AS  IF  IT  WERE  RADIOSONDE  DATA  USING  THE  SAME 
SCHEME  OUTLINED  IN  FIGURE  3.1 


Results:  ckc  analysis  data  interpolated  to  grid  for 

0600z  and  1800z  giving  gridded  values  of  wind,  mixing 

ratio,  potential  temperature,  stability,  horizontal 

divergence  and  v0rt1city  


Fig.  3-5 
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horizontal  divergence  and  vorticity  on  the  same  grid  as  the  upper 
air  analysis  of  radiosonde  data. 

It  may  seem  tedious  to  interpolate  from  the  CMC  grid  points  to 

the  objective  analysis  grid,  but  this  is  necessary  for  the  next 

step  of  the  temporal  interpolation  which  is  summarized  in  Figure  3-6  • 

Starting  with  the  gridded  upper  air  analysis  of  radiosonde  data 

and  the  CMC  analysis  at  intermediate  times,  the  heights  at  2 

potential  temperature  intervals  are  determined  by  spline  interpolation 

in  the  vertical  and  the  associated  values  of  wind,  mixing  ratio, 

vorticity,  divergence  and  stability  on  each  isentropic  surface 

are  determined  by  interpolation  for  each  horizontal  grid  point. 

Isentropic  temporal  interpolation  is  achieved  by  using  a  set  of 
orthoganol  polynomials  to  fit  the  isentropic  surfaces  in  space 
and  time  (Sykes  and  Hatton  (1976)).  From  experience  with  the 
objective  interpolation  of  pressure  fields,  ninth-order  polynomials 
in  space  and  fourth-order  in  time  should  adequately  fit  the 
isentropic  surfaces  using  the  five  upper  air  analyses  which  have 
been  generated  at  6-hour  intervals  over  a  2^-hour  period. 
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TEMPORAL  ISENTROP1C  INTERPOLATION 

OF  METEOROLOGICAL  PARAMETERS 


GR1DDED  UPPER  AIR  ANALYSES  OF  WIND  COMPONENTS, 
MIXING  RATIO,  POTENTIAL  TEMPERATURE,  STABILITY, 
HORIZONTAL  DIVERGENCE  AND  VORTIC1TY  AT  OOOOZ 
120QZ  AND  2400Z  FROM  RADIOSONDE  ANALYSES.  AND 
AT  06OOZ  AND  1800Z  FROM  CMC  ANALYSES  (FIGURES 
'.<•  AND  3.5) __.. 


USING  CUBIC  SPLINES  UNDER  TENSION  FIT  VERTICAL  PROFILES  OF 
METEOROLOGICAL  PARAMETERS  AT  EACH  HORIZONTAL  GRID  POINT  AND 
DETERMINE  THE  HEIGHT  OF  POTENTIAL  TEMPERATURE  SURFACES  AT 
2°  INTERVALS  OF  6.  CALCULATE  THE  ASSOCIATED  METEOROLOGICAL 
PARAMETERS  ON  EACH  6-  SURFACE  FOR  EACH  HORIZONTAL  GRID  NODE 


FIT  NINTH  ORDER  ORTHOGONAL  POLYNOMIALS  IN  SPACE  TO  POTENTIAL 
TEMPERATURE  SURFACES  GIVING  SETS  OF  SURFACES  AT  OOOOZ.  06O0Z 
1200Z  AND  2400Z  (EQUATION  (3.2.22)  (3.2.23)1 ____ 


FIT  FOURTH  ORDER  ORTHOGONAL  POLYNOMIALS  IN  TIME  TO  SPATIAL 
POLYNOMIAL  COEFFICIENTS  (EQUATIONS  (3  .2 .25)  (3.2.26)) 


INTERPOLATE  SETS  OF  POTENTIAL  TEMPERATURE  SURFACES  TO 
INTERMEDIATE  HOURS  TO  GIVE  HEIGHTS  AND  INTERPOLATE  ASSOCIATE 
METEOROLOGICAL  PARAMETERS  ON  EACH  6-  SURFACE  TO  INTERMEDIATE 
HOURS  (EQUATION  (3.2.24)  (  3  .  2  .  27  ))  .  APPL Y  O'BRIEN'S  TECHNIQUE 
TO  REFINE  DIVERGENCE  ESTIMATES 


I 


USE  CUBIC  SPLINES  TO  FIT  VERTICAL  PROFILES  OF  METEOROLOGICAL 
PARAMETERS  AND  SO  COMPUTE  METEOROLOGICAL  PARAMETERS  AT  EACH 
GRID  POINT.  COMPUTE  LAYER  AVERAGE  WINDS  AND  OTHER  PARAMETERS 
USING  LEVELS  PRESCRIBED  BY  THE  DIFFUSION  MODEL 


Results:  hourly  gridded  values  and  layer 
average  values  of  wind,  potential  temperature, 

MIXING  RATIO,  STABILITY,  HORIZONTAL  DIVERGENCE 
AND  VORTICITY 


Fig.  3-6 


I 
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Briefly,  a  fitted  isentropic  surface  is  given  at  t  «  00Z,  06Z, 
12Z,  18Z  or  2kl   by  : 


M  i 
2Q  (x,y,to)  =11         a..   <J>;j  (x,y)  (3-2.22) 

is  o  jso 


N 
and  a..(to)      ^  J  zQ  (x^  V  tQ)  *..  (V  yn)  (3.2.23) 

n=i 


For  interpolation  at  time  t 

M   i 
I   I 
i=o  j=o 


zfl(x,y,t)    =  I       I       b  (t)<fr  .,(x,y)  (3.2.24) 


where 


L 

I 

k=o 


bjj(t)       -  I  Ck  6k(t)  (3-2.25) 


and 


K 

I 

p=l 


ck        =  I    .   (t0)  ek  (g  (3.2.26) 


where        M  =9  (order  of  spatial  polynomials) 

N  ■  number  of  horizontal  grid  points 

L  -  k    (order  of  temporal  polynomial) 

K  =  number  of  time  analyses  =  5 
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Considerable  computation  is  involved  in  computing  the  $..  and  9, 

I J         K 

but  since  their  values  depend  only  on  the  grid  co-ordinates  and  time 
interval  between  observations,  they  need  be  computed  only  once. 

Equation  (3-2.24)  gives  the  time  interpolated  isentropic  surface 
heights  at  each  grid  point.  The  meteorological  parameters  (including 
vorticity  and  divergence)  are  then  interpolated  isentropi cal ly  using 


L 
f(t)        =  I     dk  <|>k  (t)  (3.2.27) 

k=o 


where 


dv  =  I  f(On  <V  (t  )  (3.2.28) 


k  L  o  p  k  l  o  p 

p«l 


and   t   is  the  time  to  which  interpolation  is  required.  For 
the  interpolation  of  divergence,  density  variations  must  be 
allowed  for  by  interpolating  mass  divergence  (pD)  . 

In  this  scheme,  the  vorticity  and  mass  divergence  are  interpolated 
from  the  analysis  times  rather  than  calculating  their  values  at 
each  time  from  interpolated  wind's:  This  should  preserve  the 
significance  of  vorticity  and  divergence  through  the  interpolation 
process  as  they  are  very  sensitive  to  small  errors  In  interpolating 
the  wind  components. 
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The  interpolation  process  for  divergence  will  introduce  errors  leading 
to  possibly  erroneous  estimates  of  vertical  velocity  in  the 
upper  layers.  O'Brien's  technique  for  adjusting  divergence  is 
again  applied  to  constrain  the  vertical  velocity  at  the  top  of 
the  domain  to  zero.  (See  Section  3.2.2.10  .  Since  the  wind 
components  are  interpolated  separately  from  X,     and  D  ,  the  wind 
components  at  each  interpolated  time  will  not,  at  this  stage  of 
wind  field  development,  be  entirely  consistent  with  the  interpolated 
vorticity  and  divergence. 

tendering  the  wind  field  mass  consistent  will  be  done  after  the 
boundary  layer  profiles  have  been  computed  and  the  whole  wimd 
field  has  been  reduced  to  layer  averages  for  the  Eulerian  diffusion 
computations . 

3.2.3.2   Calculation  of  Layer-Averaged  Parameters  From  the 
Upper-Air  Analysis 

The  final  wind  field  in  a  layer  averaged  form  must  satisfy  the 
continuity  equation.  The  layer  averaging  procedure  for  wind 
components  should  therefore  produce  a  mass  averaged  velocity  or 


- 


z+Az. 

1 

(pu)dz   -   p.  u.  Az.  (3.2.29) 


z. 

1 
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where 


P  Az. 


2+ A  2  . 

i 

p  dz 


(3.2.30) 


The  integrals  may  be  readily  evaluated  using  splines  fit  to 
the  vertical  profiles  of  (pu)  and  p  or  simple  quadrature  may 
be  sufficiently  accurate. 

The  layers  over  which  the  averages  are  determined  are  prescribed 
by  the  Eulerian  grid  for  the  diffusion  model. 

Other  variables  which  must  be  reduced  to  layer-averages  are 
horizontal  divergence,  vorticity,  temperature  and  mixing  ratio. 
Simple  averaging  such  as  that  used  for  density  (Equation  3-2.30) 
may  be  used  for  these  parameters  except  the  divergence  which 
should  be  a  density  weighted  average,  i.e.  . 


f   p-Api 
D.  =  —   D  dp 

'    Ap,  . 


(3.2.31) 
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3. 3       Analysis  of  Winds  in  The  Atmospheric  Boundary  Layer 

3.3.1     Objectives  and  Overview 

The  objective  upper  air  analysis  and  temporal  interpolation  scheme 
described  in  Section  3-2  ,  provides  the  wind  field  and  mixing 
ratio  profiles  in  the  free  atmosphere  above  the  atmospheric 
boundary  layer  (ABL)  which  under  super-adi abat ic  conditions 
may  extend  to  1  or  2  km  above  the  terrain.  The  purpose  of  the 
upper  air  analysis  is  to  determine  the  advection  in  the  upper 
levels  for  the  dispersion  model  and  to  define  the  vertical  motion 
which  can  result  in  subsidence  or  convection  through  the  top  of 
the  model  at  5  km  above  the  terrain. 

From  the  point  of  view  of  dispersion,  the  highest  pollutant 
concentration  and  the  greatest  variability  of  these  concentrations 
in  space  and  time,  occurswithin  the  atmospheric  boundary  layer 
and  hence  the  necessity  for  a  larger  number  of  vertical  levels 
within  the  ABL  for  dispersion  calculations.  In  order  to  reliably 
model  the  dispersion  within  the  ABL  it  is  therefore  necessary  to 
describe  the  wind  field  with  good  spatial  and  temporal  resolution 
in  the  lower  layers.  The  dependence  of  wind  profiles  within  the 
ABL,  as  well  as  the  dependence  of  boundary  layer  height,  on 
atmospheric  stability  and  surface  roughness,  must  be  included  in 
the  model . 
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As  with  the  upper  air  analysis,  vertical  profile  observations 
within  the  ABL  are  available  only  at  1 2-hour ly  intervals  from 
radiosoundi ngs  at  0000Z  and  1200Z  and  the  main  problem  which 
has  to  be  addressed  in  deriving  hourly  wind  fields,  is  temporal 
interpolation.  The  only  relevant  data  which  are   available  hourly 
from  routinely  reporting  stations  are  surface  wind,  surface 
pressure,  (reduced  to  mean  sea  level  (MSL)),  and  the  temperature. 

Surface  wind  observations  are  greatly  influenced  by  mesoscale 
effects  such  as  local  topography,  drainage  flows  and  other 
mesoscale  circulations:  Their  use  for  the  long-range  wind  field 
model  has  therefore  been  rejected  since  they  are   not  generally 
representative  of  the  regional  surface  flow.  MSL  surface  pressures, 
which  are  not  subject  to  the  same  mesoscale  influences,  are 
more  representative  of  regional  air  movement  and  will  be  used 
in  the  analysis  of  the  wind  field  in  the  ABL  for  the  long-range 
model . 

The  objective  scheme  to  be  used  to  determine  hourly  wind  field  data 
within  the  atmospheric  boundary  layer  is  summarized  in  Figure  3-7  ■ 
Briefly,  the  distribution  of  surface  pressure  (MSL)  is  used  to 
calculate  the  surface  qeostrophic  wind,  V   ,  which  for  a  barotropic 

gp 

atmosphere,  gives  the  flow  of  air  over  the  terrain  at  the  top 


I 
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CALCULATION  OF  GRIDDED,  LAYER-AVERAGED 
WINDS  IN  THE  ABL 
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GRIDDED  SURFACE 
PRESSURE 
GRADIENTS 
(SECTION  3.3.2) 


GRIDDED  850  MB 
POTENTIAL 
TEMPERATURES 
(SECTION  3.2.3.1) 


GRIDDED  AGE05TR0PH1C 
CORRECTION  FACTORS 
(SECTION  3.3.6.2) 


CALCULATE  HORIZONTAL 

TEMPERATURE 

GRADIENTS 


GEOSTROPHIC  WIND 
EQNS  (3,3.1)  AND 
(3.3.2) 


I 


THERMAL  HIND  EQNS 
(3.3.58)  (3.3.69) 


E. 


►  CORRECTED  WIND  AT  TOP  OF  ABL 
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Fig.   3-7 
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of  the  ABL  where  fractional  effects  due  to  surface  drag  are  small. 
In  a  barocllnic  atmosphere,  however,  the  geostropic  wind  at  the 
top  of  the  ABL  is  perturbed  by  ageostrophic  wind  components  which 
are  impressed  on  the  surface  flow  by  the  baroclinity  of  the  upper 
air.  By  comparing  the  wind  observations  from  the  0000Z  and  1200Z 
radiosoundings  with  the  calculated  surface  geostrophic  wind,  the 
ageostrophic  components  of  the  wind  at  the  top  of  the  ABL  can  be 
estimated  for  each  sounding  station.  By  interpolating  only  the 
ageostrophic  wind  components  in  space  and  time,  the  hourly 
surface  pressure  observations  may  be  used  to  'steer'  the  flow 
at  the  top  of  the  ABL  through  the  hourly  derived  surface 
geostrophic  wind.  This  technique  of  deriving  ageostrophic 
correction  factors  from  observations  has  been  used  by  Mancuso 
et  al  for  correcting  pressure  derived  geostrophic  winds. 

Once  the  upper  boundary  winds  have  been  determined  for  the  ABL, 
the  final  step  in  the  analysts  involves  calculation  of  the  wind 
speed  and  direction  profiles  within  the  boundary  layer. 

The  flow  in  the  boundary  layer  may  be  divided  into  two  layers:  a 
surface  frictional  layer  (usually  of  the  order  of  50  m  thick)  and 
an  Ekman/Taylor  layer  through  which  the  wind  speed  and  direction 
changes  with  height  and  approaches  the  free  flow  at  the  top  of 
the  ABL  .  The  wind  profiles  in  the  whole  ABL  can  be  obtained  by 
matching  the  velocity  profile  in  the  upper  layer  with  the  surface- 
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layer  profile.  This  matching  procedure  leads  to  the  so-called 
resistance  or  drag  laws  which  describe  the  transmission  of 
surface  generated  shear  stress  through  the  ABL  .  Proper  attention 
must  be  given  to  the  difference  between  flow  over  water  surfaces 
and  sol  id  terrai  n. 

3.3.2     Interpolation  of  Surface  Pressures  to  the  Grid  and 
Calculation  of  Surface  Geostrophic  Wind 

Surface  pressures  are  reported  as  equivalent  mean  sea-level 
pressures  so  that  the  effect  of  the  altitude  of  the  observing 
station  is  removed  from  the  pressure  observation.  In  order  to 
calculate  the  surface  geostrophic  wind,  it  is  necessary  to 
analyse  the  surface  pressure  distribution  and  to  obtain  horizontal 
pressure  gradients. 

The  surface  geostrophic  wind  is  given  by 
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The  pressure  tendency  terms  with  respect  to  time  include  some 
of  the  ageostrophic  effects  of  a  baroclinic  atmosphere  but 
do  not  allow  for  the  more  marked  effects  of  large  thermal 
gradients  and  vorticlty  advection. 

The  spatial  and  temporal  gradients  of  pressure  are  computed  by 
fitting  ninth-order  orthogonal  polynomials  in  space  and  fourth- 
order  in  time  to  the  hourly  observational  data  (Sykesand  Hatton  (1976))  . 
The  procedure  is  identical  to  that  described  in  Section  3-2.3-1  for 
fitting  isentropic  surfaces: 


M    i 

p(*,y,to)  s  [  I       a. .(to)  <J>..  (x,y)  (3-3.3) 

i=o  j=o    J       J 

N 

where     »MUJ    ■  I  p(x  ,yn,t  )   <f>   (x„.yJ  < 3 - 3 - ^ ) 

i  j   o        u  nno     ijnn 

n=l 

M 
and       p(x,y,t)   •  I   \        b   (t)   $.  ,  (x,y)  (3-3-5) 

i=o  j-o 

L 
where     b..(t)     =  \     ck  9k  (t)  (3-3-6) 

k=o 

and       Ck        -  I        a..  (tQ)p  6k  (t())p  (3-3-7) 
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where     M  =  9  (order  of  spatial  interpolation) 
N  ■  number  of  observing  stations 
L  ■  k    (order  of  temporal  polynomial) 
K  s  number  of  time  observations 


Again  with  fixed  grid  and  observing  station  co-ordinates,  the 

<j).  .  and  6,  need  be  computed  only  once.  Temporal  and  spatial 
i  j      k 

derivatives  of  the  pressure  field  may  be  computed  from  the 
series  so  permitting  the  calculation  of  the  surface  geostrophic 
wind  using  Equations  ( 3  -  3 • 1 )  and  (3.3-2)  at  each  grid  point  and 

at  the  radiosounding  stations  at  0000Z  and  1200Z  . 

3.3-3     Estimation  of  the  Height  of  the  Atmospheric  Boundary  Layer 

The  hydrodynamic thickness  of  the  atmospheric  boundary  layer  may  be 

defined  as  the  height  at  which  frictional  effects  on  the  atmospheric  motion 

become  negligible  and  the  air  motion  is  determined  by  pressure 

forces,  thermal  gradients  and  the  kinematic  properties  of  the 

motion  such  as  vorticity  and  divergence.  Within  the  boundary 

layer,  the  shear  stress  is  determined  by  the  geostrophic  flow  as 

well  as  the  roughness  of  terrain  and  stability  of  the  atmosphere. 


The  well  known  Ekman  solution  of  the  steady  equation  of  motion  for  a 
homogeneous  atmosphere  yields  the  so-called  Ekman  spiral.  The 
boundary  layer  height  from  this  solution  which  assumes  a  constant 
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eddy  viscosity  with  height,  is 


-</7 


where  K  is  the  eddy  viscosity  and  f  the  coriolis  parameter. 

Stable  Stratification: 

Assuming  that  this  relationship  still  holds  for  a  variable  K, 
Nieuwstadt  ( 1 98 1 )  showed  that  for  a  stable  atmosphere 


h 

L 

0.3 

f                i 

1     H 

•  1.9 

[+)] 

where  u,,,  is  the  friction  velocity  (s(t  ,  )  )  and  L  is  the 


o/p 


Moni n-0bukhov  length  defined  as 

3 


L   = 


pcp  u* 
k  6  H 


(3-3.8) 


(3-3.9) 


(3-3.10) 


where  T  and  H  are  the  turbulent  fluxes  of  heat  and  momentum 
o 

at  the  surface,  p  is  density,  c   specific  heat,  k  is  the  von  Karman 
constant  (»  0.35)  and  B  is  a  buoyancy  parameter  defined  as  the 
ratio  of  temperature,  T,  to  gravitational  acceleration,  g  . 
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For  a  neutral  atmosphere,  L  +  »  ,  and 


h  =  0.3 


(3.3.H) 


which  is  the  expression  proposed  by  Tennekes  (1973)  •  For  a 
very  stable  atmosphere,  L  -*-  0  ,  and 


h  =  O.k 


uj. 


i 


(3.3-12) 


This  expression  is  similar  to  that  given  by  Zi 1 i ti nkevich  (1972) 
and  Businger  and  Arya  (197*0  except  that  the  proportionality 
constant  was  found  to  be  close  to  0.7  •  Using  linear  regression 
Arya  (I98l)  proposes  the  following  diagnostic  expressions  for  h  . 


h  =  113-5  +  0.3^ 


f  Lu.  I 


(3.3.13) 


or 


h 1  -  85.1  +  0.089 


f 


(3.3.1*0 


valid  for  near  neutral  or  stable  boundary  layers, 
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Brown  (1981)  proposes  the  following  length  scale  for  cnaracterizi ng 
boundary  layer  thickness 


6  = 


2  u.vkX 


{■ 


3i|i 


3(z/6) 


;  z  =  X6 


(3-3.15) 


For  stable  conditions,  this  expression  with  k=0.35 
A=0.15  ,  approaches, 


0.39 


uL  L 


(3-3.16) 


which  is  essentially  the  same  as  Tennekes  (1973)  (Equation  (3-3-12))  . 


Prognostic  models  of  the  dynamic  height  of  the  stable  boundary 
layer  are  available  which  predict  the  growth  of  the  nocturnal 
stable  layer  (Nieuwstadt  and  Tennekes  (198l))  .  These  authors 
derive  the  rate  equation 


dh 
dt 


(h  -  h) 
v  e    ' 


(3.3.17) 
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where     T  =  -  7- 


3 

<eh  " 

6c> 

k 

'  59     ' 
0 

.  9t 

(3.3- 18) 


and  the  equilibrium  height  is  given  by 


h  =  0.15 
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f  G  s  in  a  cos  a 


£ 
T 


38, 


3t 


(3.3.19) 


G  is  the  geos trophic  wind  speed,  01  the  cross-isobar  angle  of 
the  surface  flow,  8,  and  8  are  the  potential  temperatures  at 
the  top  of  the  boundary  layer  and  at  the  surface  respectively. 
The  prognostic  rate  equation  results  and  the  diagnostic 
equation  (Equation  (3-3.12))  were  compared  with  data  and  a  far 
better  agreement  with  the  prognostic  model  was  obtained. 


While  the  prognostic  model  does  seem  superior  to  diagnostic  models 
of  the  stable  boundary  layer  height,  the  former  model  is  not  only 
more  complex  but  relies  on  relatively  detailed  information  regarding 
temperature  profiles  and  surface  cooling  rates.  Bearing  in  mind 
that  the  boundary  layer  depth  at  this  stage  is  only  required  to 
determine  the  height  at  which  to  measure  the  free  atmosphere  flow 
from  the  radiosound  observations,  it  is  more  appropriate  to  use 
the  simpler  diagnostic  model  given  by  Equation  (3-3-12)  or  (3.3.15)  . 
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Nieuwstadt  (1982)  recommends  that  these  diagnostic  equations 
are  only  applicable  2  hours  after  sunset  and  that  the  boundary 
layer  height  for  transitional  hours  should  be  obtained  by 
interpolation  from  daytime  mixing  heights. 

Uns tab  1 e  S t ra t  ? f i  ca  t  i on : 

Holzworth  ( 1 964)  has  given  a  technique  for  determining  the  depth 
of  the  mixed  layer  using  the  120QZ  rad iosound i ng  temperature 
profile  and  hourly  surface  temperature  observations.  The  method 
involves  extending  a  dry  adiabat  vertically  from  the  surface 
temperature,  to  intersect  the  radiosonde  temperature  profile. 
With  a  fully  developed  mixed  layer  trapped  beneath  a  stable 
layer  (such  as  might  exist  towards  noon),  Holzworth's  technique 
probably  gives  a  good  estimate  of  the  thickness  of  the  atmospheric 
boundary  layer. 

Brown  suggests  that  his  diagnostic  Equation  (3-3.15)  is  applicable 
to  unstable  conditions.  For  'arge  L  from  Equation  (3.3-15) 


2uA  k  A 
— (3.3-20) 
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Using    Brown's   definition  of   boundary    layer   thickness 


mJs~ 


TT    6 


one  obtains  for  neutral  conditions 


h  =  0.33 


f 


(3-3.21) 


which  is  in  reasonable  agreement  with  Equation  (3-3.11)  . 
Equation  (3-3.20)  was  used  by  Brown  (l98l)  and  Brown  and  Liu 
(1982)  with  considerable  success  for  modeling  the  planetary 
boundary  layer  over  Arctic  seas. 

Generally  speaking,  diagnostic  equations  are  not  very  successful 
for  estimating  the  daytime  boundary  layer  thickness  and  several 
prognostic  modles  have  been  proposed  (Deardorff  (197^),  Maul 
(1980))  .  The  latter  model  gives  the  hourly  development  of  the 
convective  boundary  layer  as 
r 


h(t+At)  = 


h2(t)+   2H<1+A)  ^ 


YPC 


2A6( 


t)h(t) 
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A6(t+At)! 


2y  A  H  At 
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(3.3-22) 
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and  y    is  the  lapse  rate  above  the  mixing  height,  A  is  a 
constant  (0.15),  A6  is  the  temperature  discontinuity  at  the 
top  of  the  mixed  layer,  and  H  is  the  surface  heat  flux. 


In  view  of  the  level  of  detailed  information  required  by 

Equation  (3-3.22),  and  the  uncertainties  of  this  detail 

introduced  by  temporal  incerpolat ion ,  it  may  be  difficult 

to  apply  this  prognostic  equation.  It  is  therefore  proposed 

to  use  Holzworth's  technique  together  with  a  temporally 

interpolated  850  mb  lapse  rate  between  soundings.  The  use  I 

of  a  prognostic  equation  such  as  (3.3-22)  may  be  used  to 

assist  with  the  interpolation. 
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3-3-^     Wind  Profiles  in  the  Atmospheric  Boundary  Layer 

Assuming  that  the  boundary  layer  thickness  and  the  free  air 
wind  at  the  top  of  the  boundary  layer  are  known,  the  wind  profile 
in  the  ABL  can  be  estimated  by  considering  the  flux  of  momentum 
through  the  boundary  layer.  Separate  solutions  for  the  flow  in 
the  surface  layer  (or  inner  layer)  and  the  outer  or  Ekman/Taylor 
layer  are  available.  The  problem  of  interpolating  from  the  top  of 
the  surface  layer  to  the  geostrophic  flow  is  one  of  matching 
inner  and  outer  solutions  in  such  a  manner  that  boundary  conditions 
at  the  surface  and  top  of  the  ABL  are  satisfied  while  ensuring  that 
shear  stress  and  wind  velocity  are   continuous  through  the  boundary 
layer.  The  matching  can  be  achieved  by  simple  matching  of  boundary 
conditions  for  each  solution  or  through  the  use  of  dimensional 
analysis  and  dynamic  similarity  arguments. 

3 .  3 .  i| .  1   Wind  Profile  in  the  Surface  Layer 

The  surface  layer  is  characterized  as  a  layer  through  which  the 
shear  stress,  t   ,  is  approximately  constant.  The  actual  value 
of  the  shear  stress  (or  flux  of  momentum)  is  dependent  on  the 
wind  speed,  surface  type  and  roughness  as  well  as  on  the 
stability  of  the  surface  air.  The  stability  in  turn  depends  on 
the  surface  heat  flux,  and  over  a  water  surface,  on  the  mass 
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flux  of  w.ater  vapour  as  well.  For  a  water  surface  the  surface 
roughness  is  also  a  function  of  shear  stress.  Hence,  in  order 
to  get  a  description  of  the  wind  profile  in  the  surface  layer, 
it  is  necessary  to  consider  the  simultaneous  transfer  of 
momentum,  heat  and  water  vapour.  Over  a  land  surface,  the 
effects  of  water  vapour  transfer  are  generally  small.  However, 
in  the  following  development  a  general  surface  is  considered, 
i.e.  land  or  water. 

In  the  surface  layer  the  profiles  of  wind  speed,  humidity  and 
potential  temperature  may  be  written  (Businger  (1373)) 
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where  the  characteristic  scales  of  velocity,  temperature  and 
humidity  are  given  by 


u*  = 


i 


(3.3.26) 


T* 


c  pu . 
P  * 


(3.3.27) 
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(3.3.28) 


where  H  and  E  are  the  surface  fluxes  of  heat  and  water  vapour 
o 

and  L  is  the  Mon in-Obukhov  length  given  by 


T  u 
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(3.3.29) 
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(3.3.30) 


Tv  =    T(l+0.61Q_) 


T  =    T.,(1  -  0.61  Qj  +  0.61  TO.., 
v. 


(3.3.3D 
(3.3-32) 
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The  values  of  T  and  Q  are  taken  at  some  reference  height  (say  10  m) : 

This  definition  of  L  allows  for  the  effect  of  humidity  fluctuations 

on  stability.  The  ratios  o_  and  ct_  are  the  ratios  of  eddy  thermal 

diffusivity  and  eddy  mass  diffusivity  to  eddy  momentum  diffusivity. 

Subscript  s  refers  to  the  surface  value  and  the  values  of  z  ,  zn 

o   Q 

and  zT  are  related  to  surface  roughness:  Over  a  water  surface  they 
will  depend  on  the  molecular  processes  at  the  air/water  interface. 

The  stability  effects  on  the  profiles  are  given  by  the  functions 
iMs)  which  may  be  expressed  for  unstable  conditions  by 
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and  for  stable  conditions 
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^T  =  "V 


*E  -     -b£C 


Tu      u 


(3.3-39) 

(3.3.40) 

(3.3.^1) 


Following  Liu  et  al  (1979)  a  =  a  =  1.14;  a  =  aE  =  16  and 
b  =  b  =  b _  ■  7  (Paulson  (1970);  Monin  and  Yaglom  (1970)  , 


The  value  of  z   is  dependent  on  the  shear  stress  for  a  water 
o 

surface  and  Kondo  (1975)  gives  the  following  empirical 
expressions  for  the  surface  drag  coefficient  based  on  the  10  m 
wind  under  neutral  conditions. 


u(!0) 

0.3  -  2.2 
2.2  -  5.0 
5.0  -  8.0 
8.0  -25.0 
25  -  50 


The  drag  coefficient  is  given  by 


CD   = 


cD(io) 


1.08     If0"15 

0.771  +  0.0858  u 
0.867  +  0.025  U 
1.2   +   0.025   U 
0.073   U 


(3-3.42) 
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For  neutral  conditions  li1  (c)  =  0  and  z  can  be  estimated  from 

Tu  o 

Equation  (3-3.25)  giving 


z  ■  exp 
o 


Jln(l0)-k  C. 


(3- 3. A3) 


Over  a  land  surface  z  may  be  estimated  from  the  type  of 

o 

terrain  and  vegetative  cover.  The  values  of  z  and  Zp  over 
a  water  surface  depend  on  the  molecular  processes  at  the 
interface  and  may  be  estimated  from  Liu  et  al  (1979)  - 


zTu. 


s  ai 


ZEU* 


=   32 


where  the  coefficients  and  exponents  depend  on  the  roughness 

Reynolds  number  (-  z  u./v)  . 
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z  u  , 

O  "' 
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-   0.11 

0.177 
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0.11 

-  0.825 

1.376 

0.929 

1 .  808 

0.826 

0.825 

-  3.0 

1.026 

-0.599 

1.393 

-0.528 

3.0 

-  10.0 

1.625 

-1.018 

1.956 

-0.870 

10.0 

-  30 

4.661 

-1.475 

4.994 

-1.297 

30 

-  100 

39.904 

-2.067 

30.79 

-1.845 

For  a  land  surface,  the  roughness  lengths  for  heat,  mass  and 
momentum  transfer  are  approximately  equal. 

For  a  water  surface,  the  surface  water  temperature  can  be 

estimated  from  the  bulk  water  temperature,  T  ,  (Liu  et  al  (1979))  by 
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T  =  T   -  ST, 
s    w 


(3.3.46) 
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where 
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(3-3.47) 


H  =  -(H  +  L   E  +  R) 
w         v 


(3.3-48) 
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R  is  the  net  radiation  (Geiger  1965) 


R  =  aTk    -af  (0.82-0.250  x  icf0,09^)         (3.3-^9) 
s  s     s  a 


and  S  i  s  given  by 


Pr  is  the  Prandtl  number  and  Rr  is  the  roughness  Reynolds 

number,  L   latent  heat  of  vaporization  and  e  the  partial 
v  a 

pressure  of  water  vapour  in  the  air. 


This  section  has  summarized  the  surface  layer  equation  for  a 

general  surface  type:  In  order  to  interpolate  to  the  geostrophic 

flow,  these  relationships  must  be  matched  with  the  Ekman/Taylor 
upper  boundary  layer. 

3-3.^-2.   Wind  Profiles  in  the  Ekman/Taylor  Layer 

Brown  (197*0  gives  a  solution  of  the  steady  equation  of  motion 
for  constant  eddy  diffusivity,  K 
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with  the  boundary  conditions 


u  -»■  U 


and 
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where  the  co-ordinate  system  is  chosen  so  that  the  x-co-ordi nate  is 
in  the  direction  of  u(h)  and  a  becomes  the  angle  between  the 
geostrophic  flow,  G,  and  the  surface  flow,  u(h)  .  The  scaling 
length  for  the  outer  layer,  5  ,  is  given  by 


6  = 
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(3-3.55) 


3  -  Sk 


This  solution  has  an  advantage  over  the  classical  Ekman  solution 
in  that  the  lower  boundary  condition,  u  ■*  u(h)  ,  is  satisfied 
which  is  appropriate  for  the  upper  layer. 

Brown  has  used  this  solution  and  a  matching  procedure  with  the 
surface  layer  equation,  to  describe  the  flow  through  the  whole 
ABL  . 

Brown  also  modeled  the  effect  of  thermal  wind  and  secondary  flow 
on  the  outer  velocity  profile:  Equations  (3-3-53  and  3-3-5'0  are 
modi  f ied  to 
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(3.3.57) 
(3.3-58) 

(3-3.59) 


and   U2,    V2    are   secondary    flows    (Brown    (1970)) 
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3.3.5     Matching  of  Surface  Boundary  Layer  Flow  to  the 
Geostrophic  Flow 

Kajanski  i  and  Mori  In  (i960)  used  consideration  of  dynamic 
similarity  and  dimensional  analysis  to  match  an  outer  viscous- 
Coriolis  force  balance  to  the  inner  logarithmic  profile  giving 


kG  cos  a 


In 


fz 


(3.3.60) 


kG  Sin  a 


(3.3.61) 


Clark  (1970)  considered  the  effects  of  stratification  on  the  ABL 
adding  a  third  relationship 
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(3.3-62) 


Various  empirical  values  and  expressions  have  been  proposed 
for  A,  B  and  C  which  depend  on  stability.  With  suitable  values 
of  these  constants,  the  above  equations  permit  the  estimation 
of  Uj.  ,  8A  and  a  from  the  geostrophic  flow,  so  permitting  the 
calculation  of  surface  winds. 
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Brown  (1981)  and  Brown  and  Liu  (1982)  carried  out  a  matching 
of  the  outer  Ekman/Tay lor  solution  (Equation  (3-3-56  and  3-3-57)) 
with  the  surface  layer  profiles.  The  matching  procedure  and 
boundary  conditions  lead  to  the  expressions 
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(3-3.63) 
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(3.3.6*) 


The  solutions  are  matched  at  z  =  X6  where  6  is  a  length  scale. 
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(3-3.66) 


(3.3-67) 


From  the  discussion  in  Section  3.3-3.  it  appears  that  this  scaling 
length,  6  ,  is  only  appropriate  for  stable  conditions  and  the  mixed 
layer  thickness  should  be  used  for  unstable  conditions. 


I 
I 


3  -  67 


Solving  for  u^  from  Equations  (3-3 -56),  (3-3- 57)and  (3- 3 • 25)  gives 

i 


-  yA  -  B  B  + 
uA 


B2  +  A2  -  (yB  -  BA)2 

■£_        (3.3-68) 


kG  A2  +  B2 


An  iterative  solutions  of  the  equations  is  necessary  since  they 
are  implicit  in  ik  .  One  of  the  advantages  of  the  Brown 
technique  is  that  in  principle,  the  constants  A  and  B  are  easily 
obtained  from  the  geos trophic  flow  and  boundary  layer  parameters 
enabling  the  complete  ABL  wind  profile  to  be  calculated. 

Brown  and  Liu  (1982)  have  proposed  a  computational  scheme  which 
combines  the  boundary  layer  parameterizat ions  of  Liu,  Katsaros 
and  Businger  (1979),  Kondo  (1975),  (as  described  in  Section  3-3-i*.l)> 
with  the  planetary  boundary  layer  model  of  Brown  ( 1 98 1 )  .  The 
combined  model  was  tested  on  GOASEX  and  JASIN  data  sets  for  a 
marine  environment  from  the  Gulf  of  Alaska  Experiment  and  the 
Joint  Air-Sea  Interaction  Experiment.  Very  good  agreement  with 
surface  wind  observations  were  obtained  and  deviation  were 
generally  less  than  1  m/s  for  wind  speed  and  less  than  10  for 
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direction  except  near  a  frontal  system  where  the  inherent 
smoothing  of  pressure  and  temperature  fields  due  to 
interpolation,  led  to  deviations  within  3  ni/s  and  30 

Du  Vachat  and  Musson-Genon  (1982)  have  proposed  a  similar 
matched  surface/Ekman  boundary  layer  profile  solution  for 
describing  the  ABL  .  The  Ekman  layer  profile  assumes  a 
constant  diffuslvity  which  is  a  function  of  the  stability 
parameter,  u  , 


fL 


(3-3.69) 


The  solution  for  the  velocity  defect  is  given  by 
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where 
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(3-3.71) 
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H   is  the  value  of  Z  at  which  the  surface  layer  and  Ekman  layer 
s 

solutions  are  matched  and  <j>  is  the  non-dimensional  shear  profile  given 
by  Businger  et  al  (1971)  .  H   is  a  function  of  y  : 
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(3-3.72) 


The  solution  is  also  extended  to  the  more  general  baroclinic 
atmosphere.  Wind  profiles  calculated  from  the  model  are  compared 
with  velocity  defect  profiles  from  the  Wangara  data  (Yamada  (1976)) 
and  good  agreement  with  the  data  was  found.  The  similarity  functions 
A(y)  and  B(u)  are  given  by 
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a:p)  = 


2k, 


B(u)--£n(kHs)  -  A(y)  +  i|»(yjHs) 


Using  the  expression  in  Equations  (3-3-71)  for  K  one  obtains 
the  following  values  for  A(u)  and  B(y)  . 
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Figure  3-8,  taken  from  du  Vachat  and  Musson-Genon ,  shows  the  variation 
of  the  similarity  parameters  according  to  Arya  (1975),  Z i 1 i t i nkev i ch 
(1975)  and  Yamada  (1976)  ■  The  above  tabulated  values  are  in  very  good 
agreement  with  those  of  Arya  and  Yamada.  Hence,  the  surface  layer  wind 
profiles  and  geostrophic  departure  angles  obtained  using  a  matched 
surface  layer/Ekman  layer  technique  are  similar  to  those  obtained 
using  the  similarity  functions  of  the  drag  laws.  A  similar  conclusion 
is  reached  using  the  relationships  of  Brown. 

In  view  of  the  suitability  of  the  Brown  and  Liu  model  to  both  water 
and  land  surfaces,  and  in  view  of  the  good  results  obtained  when 
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Figure   3.8 


Functions  A(y)  and  B(y)  with  the  Prandtl's 
Formulation  (solid  line)  and  with  the  turbulent 
energy  scheme  (dashed  line);  formulation 
deduced  with  measurements  by  Arya  (♦—•),  Yamada 
( .  .  jf  Zilitinkevich  (+-  +  ). 

(Reproduced  from  Vachat  and  Musson-Genon  ( 1 982 ) ) 
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tested  against  observations,  it  is  recommended  that  this  modeling 
procedure  be  used  for  wind  profiles  in  the  ABL  . 

It  is  recognized  that  at  the  time  of  implementing  the  proposed 
design,  it  may  be  necessary  to  evaluate  other  modeling  procedures 
such  as  that  of  du  Vachat  and  Musson-Genon  (1982)  .  The  proposed 
scheme  is  not  restricted  to  using  Brown's  model  which  is  currently 
recommended. 

The  following  section  details  the  computational  scheme  which  has 
been  adapted  to  utilize  the  results  of  the  presently  recommended 
upper  ai  r  analysis. 

3-3.6     Computational  Scheme  for  Calculation  of  Wind  Profiles 
in  the  Atmospheric  Boundary  Layer 

Figure  3-9  summarizes  the  general  scheme  for  computing  wind  profiles 
in  the  ABL  over  either  a  land  or  water  surface.  In  order  to  execute 
the  procedure,  the  following  information  and  data  are  required: 

Geostrophic  wind  speed  and  direction  including 
thermal  wind  and  ageostrophic  correction  factors. 

Surface  heat  flux  and  roughness  length  for  land  surfaces. 

Bulk  water  surface  temperature. 

Ambient  air  temperature. 
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ITERATIVE  PROCEDURE  FOR  COMPUTING  WIND  PROFILES 
IN  THE  ABL  FROM  THE  6E0STR0PHIC  WIND 
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Fig.  3.9 
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Since  the  ABL  equation  described  in  Section  3-3.5  are  implicit 

in  uA  ,  6  and  L  ,  it  is  necessary  to  carry  out  the  computations 

iteratively.  Starting  with  an  assumed  u.  and  neutral  conditions, 

the  boundary  layer  scale,  6,  and  functions  A  and  B  in 

Equations  (3-3-63),  (3  -  3  -6A)  and  (3-3-65)  are  computed  U>  =  0)  . 

Using  Equation  (3-3-68)  a  revised  estimate  of  u.  is  obtained  and 

the  estimates  of  6  and  u*  are  refined  through  iteration.  For  unstable 
conditions,  the  mixing  height  will  be  used  instead  of  Equation  (3-3-65) 

For  a  land  surface,  using  the  estimated  heat  flux  and  current  y. 
value,  the  Moni n-Obukhov  stability  length,  L  ,  from  Equation  (3-3.29) 
and  the  value  of  \fl   (  — : —  )  from  Equation  (3-3-35)  are  computed. 
Through  iteration  for  5  ,  A  and  B,  the  final  values  of  u.  ,  a.  and 
6  are  obtained  permitting  the  wind  profile  in  the  ABL  to  be 
computed  from  Equations  (3-3-25),  (3-3-56)  and  (3-3-57)  - 

For  a  water  surface,  the  value  of  the  roughness  length,  z  ,  may  be 
estimated  from  the  drag  coefficient  using  Equations  (3-3-^2)  and 
(3-3-^3)  •  The  roughness  lengths  z  and  z      may  then  be  estimated 
from  Equations  (3-3-^)  and  (3-3-^5)  and  so  the  values  of  u^,  Q.... 
and  T.  may  be  calculated  from  Equations  (3.3-23),  (3.3-2*0  and 
(3-3.25)  recalling  that  ip  =  ty-   =  ^0  ■  0  for  the  first  iteration. 


.. . . 
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The  value  of  Q  is  taken  to  be  the  saturation  value  at  the  water 
s 

temperature  and  0_  is  calculated  for  a  relative  humidity  of  70%  . 
The  value  of  L  may  then  be  calculated  from  Equation  (3.3-29)  and 
the  ty   -    functions  from  Equations  (3 - 3 - 33  to  3-3.^1)  •  The 
procedure  for  a  water  surface  is  then  the  same  as  for  a  land 
surface;  the  final  values  of  u;V,  a  and  6   are  obtained  iterattvely, 
and  so  the  wind  profiles  from  Equations  (3  -  3  -  25) >  (3-3-56)  and 
(3.3.57)  • 

3.3-6.1   Estimation  of  Surface  Heat  Flux  over  Land 

The  surface  heat  flux  over  a  water  surface  is  computed  in  Figure  3.9 
as  part  of  the  process  of  matching  the  surface  and  upper  boundary 
layer  profiles.  Over  a  land  surface  an  independent  estimate  of 
the  heat  flux  must  be  made. 

Berkowicz  and  Prahm  (1982)  have  given  a  method  of  estimating  the  surface 
flux  of  sensible  heat  from  routine  meteorological  data  using  a 
resistance  method.  The  technique  has  been  tested  on  three  data  sets 
and  gave  a  very  satisfactory  comparison  with  experimental  data.  The 
method  is  applicable  only  to  land  surfaces  free  of  snow. 
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The  technique  is  dependent  on  the  estimation  of  ux,  9^  and  L  . 
These  boundary  layer  parameters  may  be  computed  using  the 
geostrophic  flow  with  apriori  knowledge  of  the  surface  heat 
flux  as  in  Figure  3-9  .  In  the  Berkowicz  and  Prahm  method 
of  estimating,  H,  the  values  of  uA  and  Qft  are  obtained  from 
surface  observations  of  wind,  humidity  and  temperature.  In  the 
best  of  circumstances,  these  separate  estimates  of  u^,  0A  and 
L  should  be  the  same  and  a  comparison  between  the  two  estimates 
will  form  part  of  the  model  development  and  validation. 
Initially,  however,  the  estimates  of  these  parameters  for  the 
heat  flux  calculation  will  be  based  on  surface  observations 
whereas  for  the  profile  calculations  they  will  be  based  on 
the  geostrophic  flow  as  in  Figure  3-9  • 

The  surface  heat  flux  is  given  by 

H  m  n  a    s p 13.3-73) 

r  +  (1  +  A/y)  r  +  a  (r  +  r  ) 
s  a    g   a    s 


where  r  and  r  are  the  aerodynamic  and  surface  resistances, 
a      s 

Y  is  the  psychometric  constant,  A  is  the  rate  of  change  of 

saturation   vapour  pressure  with  respect  to  temperature  at  the 

ambient  temperature  and  a  »  1/3  • 
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The  net  radiation,  R   ,  is  computed  from  cloud  cover  and  solar 

n 

elevation  (Nielsen  et  al  (1981))  .  The  aerodynamic  resistance 
is  calculated  from  the  similarity  profiles  for  momentum  and  mass 

transfer  as 
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where  z  and  z  are  the  heights  of  wind  and  temperature  observations 

U  L 

respectively.  The  functional  forms  of  1J1  and  \b,    are  slightly 

m     h 

different  from  those  in  Equations  (3.3-33  to  3-3-55)  and  the  forms 
used  by  Berkowicz  et  al  should  be  used  in  Equation  (3.3-7*)  for 
consistency  with  their  model.  The  surface  resistance  is  given  by 
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where  the  humidity  deficit  is  given  by 


Dq  =   qs(T)-q 


(3-3-76) 
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q  (T)  is  the  saturation  vapour  pressure  at  screen  temperature 
T  ,  q  is  the  observed  vapour  pressure. 


The  factor  F  is  computed  from  the  accumulated  hourly  net  radiation 
since  the  last  precipitation  event 


F  =  AR  +  D 
n 


(3.3.77) 


where 
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D  =  mi  nimum  of 
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The  value  of  H  is  dependent  on  the  stability  length,  L  ,  and 
must  be  calculated  iteratively  starting  with  neutral  conditions 
(L=«»)  .  The  computational  scheme  for  estimating  heat  flux  is 
shown  in  Figure  3-10. 
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ESTIMATION  OF  SENSIBLE  HEAT  FLUX  AT  SURFACE 
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Fig.  3.10 
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3.3-6.2   Determination  of  Ageostrophic  Corre:tion  Factors 
From  Radiosonde  Data 

The  ageostrophic  correction  factors  represent  those  components 
of  the  calculated  geostrophic  wind  which  are  not  resolved  by 
the  surface  pressure  gradient  and  the  850  mb  temperature 
gradients.  The  correction  factors  can  be  calculated  by  comparing 
the  computed  geostrophic  wind  with  winds  from  radiosoundings 
at  the  observational  hours  of  00Z  and  122  .  Spatial  interpolation 
to  all  grid  points  and  temporal  interpolation  to  intermediate 
hours  is  then  used  to  provide  hourly  values  of  the  correction 
factors  at  each  grid  point.  Except  for  locations  close  to  a 
frontal  system,  the  ageostrophic  correction  factor  will  be  small. 

Figure  3-11  surnmari  zes  the  computations  required  to  determine  the 
ageostrophic  correction  factors  from  radiosonde  and  surface 
pressure  data  as  well  as  the  analysed  upper  air  temperature  data. 

From  the  surface  pressure  gradients  and  850  mb  temperature 
gradients,  the  surface  geostrophic  and  thermal  wind  components 
are  calculated  from  Equations  (3-3.1),  (3.3.2),  (3  -  3  -  58)  and 
(3 - 3 - 59)  •  Using  this  first  estimate  of  the  flow  at  the  top  of 
the  ABL  ,  the  boundary  layer  thickness,  5  ,  is  determined  using 
the  iterative  procedure  described  In  Section  3-3-6,  (Figure  3-5) 
By  comparing  the  radiosonde  wind  components  at  z  =  6    ,  the  values 
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of  u  and  v  are  obtained  by  difference.  The  estimate  of  6  can 
a      a 

then  be  refined  using  the  corrected  geostrophic  wind  if  u  and  v 

a      a 

are  signi f icant .  For  unstable  conditions  the  mixing  height  replaces  6 


Once  the  correction  factors  are  determined  in  this  manner  at 

the  radiosoundi ng  stations,  they  are  interpolated  to  the  grid 

using  the  second-order  Interpolation  procedure  described  in 

Section  3.2.2.2  ,  Equations  (3.2.4)  and  (3-2.6)  .  Using  values 

of  u  and  v  determined  at  three  consecutive  observation  hours, 
a      a 

for  example  00Z,  12Z  and  2^Z  ,  the  values  are  interpolated  to 
intermediate  hours  using  orghogonal  polynomials,  Section  3-3-2  , 
Equation  (3-3-5)  • 

3.3-6-3   Calculation  of  Layer  Averaged  Winds  in  the  ABL 

In  the  preceeding  sections  all  the  required  input  information  and 
computational  procedures  have  been  developed  which  enable  the 
calculation  of  wind  profiles  in  the  ABL  as  shown  in  Figure  3-9  • 


Layer  averaged  winds  could  be  determined  by  integrating  the  wind 
prof i le  equation,  (Equations  (3-3-25),  (3-3-56)  and  (3-3-57)), 
however  it  will  probably  be  more  economical  and  adequate  to  use 
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simple  quadrature  such  as  Simpson's  Rule.  The  number  of  layers 
and  their  thicknesses  will  be  prescribed  by  the  dispersion 
calculations.  The  lowest  level  for  the  upper-air  analysis  is 
1500  m  .  Layer  averages  will  be  calculated  from  the  ABL  profiles 
up  to  a  height  of  z  «  6  .  If  6  <  1500  m  ,  winds  between 
6  and  1 500  m  wi 1 1  be  linearly  interpolated  between  the  top 
of  the  ABL  and  the  1500  m  level  of  the  upper  air  analysis. 
If  6  >  1500  m,  then  ABL  winds  will  be  used  for  computing 
averages  up  to  1500  m  and  the  winds  derived  from  the  upper  air 
analysis  for  layers  above  1500  m  . 

3.3-7     Parameterization  of  the  Nocturnal  Jet 

3.3.7-1   Review  of  Available  Models 

The  parameter izat ions  of  the  ABL  wind  profiles  described  in 
Section  3-3-6  assume  that  steady  conditions  prevail  in  the 
boundary  layer.  The  steady  state  assumption  is  reasonable  where 
vertical  mixing  (or  transmission  of  shear  stress)  is  relatively 
rapid  and  a  balance  between  pressure  forces,  shear  stress  and 
Coriol i  s  force  is  quickly  approached  in  the  Ekman/Taylor  layer: 
This  condition  is  relevant  to  unstable  or  moderately  stable 
condi  t ions . 
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Under  very  stable  conditions,  such  as  those  which  may  develop 
during  the  night  hours  under  clear  skies,  turbulence  in  the 
lower  part  of  the  ABL  is  rapidly  damped  out  except  close  to 
the  surface,  and  the  shear  stress  decreases  rapidly  with 
height  to  a  very  small  residual  value.  Under  these  conditions, 
the  upper  ABL  ,  which  prior  to  the  onset  of  strong  stability, 
was  in  motion  under  a  balance  between  shear  stress,  pressure 
forces  and  Coriolis  force,  is  suddenly  forced  into  a  state 
imbalance  by  the  removal  of  the  shear  stress.  The  subsequent 
process  of  adjustment  to  the  new  conditions  has  a  time  scale 
of  the  order  of  12  hours  and  leads  to  the  formation  of  the 
nocturnal  jet.  At  the  same  time,  the  surface  layer  is  coupled 
to  the  geostrophic  flow  only  through  the  pressure  gradient  and 
its  structure  evolves  with  a  similar  time  scale  to  the  upper 
layer  in  response  to  the  changing  wind  conditions  at  the  upper 
boundary. 

Clearly,  the  steady  state  assumptions  are  not  applicable  to  very 
stable  nocturnal  conditions.  A  review  of  the  literature  has  not 
revealed  a  well  validated  model  of  the  processes  described  above, 
However,  the  nocturnal  jet  is  far  too  important  a  feature  of  the 
wind  field  to  neglect  and  a  parameterization  of  this  flow  will 
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be  developed  based  on  information  and  models  which  are  reported 
in  the  1 i  terature. 

Blackadar  (1957)  examined  the  occurrence  of  wind  maxima  in  the 
wind  profiles  which  are   observed  at  night  under  conditions  of 
strong  stability.  Assuming  steady  day  time  conditions  the  motion 
in  the  ABL  is  described  by 
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When  the  shear  stress  in  the  upper  part  of  the  ABL  is  rapidly 
removed,  the  flow  undergoes  an  adjustment  process  described 
by 
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Defining  W  =  u  +  iv  ,  the  solution  of  these  equations  is 


W  =■  W  e 
o 


ift 


(3.3.8*0 


Where  W  is  the  deviation  vector  from  the  geostrophic  vector 
at  sunset.  The  temporal  behavior  of  W  is  in  good  qualitative 
agreement  with  observation. 

Delage  (197*0  solved  Equations  (3-3.80)  and  (3-3.81)  as  well 
as  the  thermal  transport  equation 
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By  postulating  a  time  and  height  variation  for  K  and  a  surface 
cooling  rate,  the  model  equations  were  solved  numerically  showing 
the  formation  of  the  nocturnal  jet  and  the  temporal  change  in 
directional  shear  through  the  ABL  .  The  shear  stress  tends  to 
very  low  values  with  height  and  Delage's  model  reduces  to  that  of 
Blackadar  for  the  upper  most  layers.  Again  good  qualitative 
agreement  with  observation  was  obtained:  Proper  validation  was 
not  possible  due  to  a  lack  of  sufficient  observational  data. 
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Thorpe  and  Guymer  (1977)  considered  a  two-layer  model  for  the 
average  wind  components.  The  two  layers  are  defined  as  being 
the  top  of  the  stable  nocturnal  boundary  layer  with  a  upper 
layer  extending  to  the  top  of  the  boundary  layer  during  the 
preceeding  daylight  hours.  At  sunset,  the  two  layers  are 
suddenly  decoupled.  The  solution  for  the  upper  layer  is 
identical  to  that  of  Blackadar.  The  lower  layer  model  is 
Equation  (3-3.80)  and  (3-3-81)  where  a  linear  parameterization 
of  shear  stress  is  assumed  giving 
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Hodographs  of  the  solutions  of  these  equations  were  compared  with 
data  from  the  Wangara  experiment  (Clarke  et  al  (1971))  .  The 
temporal  behavior  as  well  as  the  super-geostrophic  wind  components 
were  in  good  qualitative  agreement  with  the  data.  Again  proper 
validation  was  inhibited  by  the  lack  of  adequate  data. 
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On  the  basis  of  these  three  studies,  it  appears  that  the  model 
of  the  nocturnal  jet  embodied  in  Equations  (3 - 3 . 80)  to 
and  (3-3-8^)  gives  a  reasonable  description  of  the  nocturnal 
jet  despite  the  lack  of  proper  validation,  It  is  recommended 
that  a  parameterization  of  the  nocturnal  jet  be  developed, 
based  on  these  models.  The  following  section  gives  the 
development  of  a  model  which  is  suitable  for  the  presently 
proposed  wind  field  model. 

3.3.7.2   Proposed  Modeling  Scheme  for  the  Nocturnal  Jet 

The  final  results  of  the  upper  air  and  ABL  analyses  of 
Sections  3-2.3-2  and  3.3-6-3  are  expressed  as  layer-averaged 
wind  components  suitab.le  for  use  by  the  diffusion  model.  The 
model  of  Thorpe  and  Guymer  (1977)  is  a  two-layer,  averaged  wind 
component  model.  Since  greater  vertical  resolution  is  required 
by  the  diffusion  model  than  that  given  by  the  Thorpe  and  Guymer 
model,  it  is  proposed  to  extend  their  method  to  several  layers 
to  correspond  with  the  layers  defined  by  the  Eulerian  diffusion 
model  grid. 

Averaging  Equation  3-3.80  over  a  layer  of  thickness  &h   gives 
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Thorpe  et  al  uses  a  linear  parameterization  of  shear  stress. 
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and  shows  that  the  resulting  hodograph  is  not  very  different 
from  that  using  the  quadratic  law  suggested  by  similarity  theory. 

The  p-simul taneous  differential  equations  given  by  Equation 
(3.3.88)  for  p-layers  can  be  solved  numerically;  however, 
since  the  solution  must  be  carried  out  for  each  hour  at  each 
grid  point,  such  a  solution  would  involve  considerable  computer 
effort:  An  approximate  method  of  solving  the  set  of  equations 
might  be  more  appropriate.  Since  the  evolution  of  the  nocturnal 
jet  flow  takes  several  hours,  without  great  loss  of  accuracy, 
the  interlayer  shear  stresses  may  be  approximated  by  their 
average  value  over  the  time  step. 
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With  this  approximation,  Equation  (3.3.88)  has  the  solution 
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t   -      time  since  sunset 

and  the  overbars  indicate  average  values  over  the  interval. 
The  solution  then  reduces  to  the  solution  of  p-algebraic  linear 
equations  of  the  form 
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Using  W  ■  W  (0)  as  an  initial  guess,  application  of  the  solution 
iteratively  to  refine  W  gives  an  approximate  solution  for  the 
W  (t)  .  Clearly  there  are  other  approximate  methods  which 
should  be  tested  in  the  development.  The  distribution  of  k 
with  height  must  be  specified.  The  components  of  the  geostrophic 
flow  are  the  hourly  values  determined  in  Section  3.3.6.2 
(See  Figure  3.6)  . 


Implementing  this  nocturnal  jet  model  will  require  some  development 
work  and  a  technique  for  diagnosing  the  presence  of  a  nocturnal 
jet  must  also  be  developed.  During  the  winter  months,  the  1200Z 
sounding  could  be  used  to  show  the  nocturnal  jet  before  sunrise 
in  the  central  North  American  continent.  During  the  summer  months 
a  technique  which  does  not  rely  on  soundings  must  be  developed 
since  the  nocturnal  jet  disappears  rapidly  at  sunrise. 

Figure  3. 1 2gives  the  computational  scheme  whereby  the  nocturnal  jet 
may  be  included  in  the  wind  field  model.  If  the  nocturnal  jet  is 
diagnosed  to  be  present  during  the  hours  after  sunset,  then  the 
layer  averaged  boundary  layer  profile  which  pertains  to  one  hour 
before  sunset  is  taken  as  the  initial  condition  for  the  first  hour 
of  the  nocturnal  jet  solutions  and  the  equations  are  solved  for 
the  wind  components  in  each  layer.  By  repeatedly  applying  the 
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IMPLEMENTATION  OF  NOCTURNAL  JET  MODEL 
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solution,  using  the  appropriate  hourly  geostrophic  wind  components, 
the  wind  field  in  the  ABL  is  computed  until  sunrise  or  until  the 
stability  or  net  radiation  no  longer  will  support  the  nocturnal 
jet.  After  sunrise,  the  ABL  computation  scheme  of  Figure  3-9  «s 
used. 

3.3-8     Rendering  the  Wind  Field  Mass  Consistent 

The  results  of  the  wind  field  analysis  generated  in  the  previous 
section,  are  in  the  form  of  layer  averaged  winds  and  for  those 
layers  above  1 500  m  ,  layer  averaged  horizontal  divergence  and 
vorticity  have  also  been  calculated.  Since  in  the  upper  air  analysis, 
the  divergence  and  vorticity  have  been  interpolated  separately 
from  the  wind  components,  the  layer  average  wind  components  will 
not  necessarily  be  consistent  with  the  interpolated  divergence 
and  vorticity. 

3.3.8.1   Divergence  in  the  ABL 

Other  than  near  a  frontal  system,  divergence  in  the  ABL  will  be 
small  and  mainly  due  to  cross-isobar  flow  caused  by  surface  drag. 
Similarly,  in  the  absence  of  a  frontal  system,  the  divergence 
above  1500  m  determined  from  the  upper-air  analyst s,  wi 1 1  also 
be  smal 1 . 
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The  divergence  in  the  A8L  can  be  estimated  by  extrapolating  from  that 
at  1500  m  given  by  the  upper  air  analysis,  to  zero  divergence  at  the 
surface.  For  the  extrapolation,  a  linear  variation  of  divergence 
with  height  will  be  assumed  although  other  functional  forms  for 
the  variation  which  depend  on  the  stability  of  the  boundary  layer 
could  be  used. 


For  linear  extrapolation 

1 


D.    = 
i 


A  h, 


w 


z.+Ah. 
i         i 


w 


[v£] 


1500 


1500 


(3.3.96) 


3.3.8.2   Adjustment  of  the  Layer  Average  Wind  Components  to 
Be  Consistent  with  the  Prescribed  Vorticity  and 
Divergence  Distributions 

Tie  kinematic  properties  of  wind  fields  may  be  adjusted  iteratively 
to  be  mass  consistent  with  a  prescribed  vorticity  distribution 
using  a  technique  due  to  Endlich  (1967)  • 

Subscripts  'o'  are   used  to  denote  interpolated  layer  averaged 
wind  components  and  ' RD '  to  denote  changes  in  the  wind  components 
required  to  make  the  horizontal  divergence  equal  to  the  interpolated 
layer  averaged  value,  D  (ijk)  .  For  any  level  k  ,  Equation  (3.2.15) 
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may  be  written    (omitting   the   k  subscript)   as 
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Let  the  divergence  calculated  from  the  interpolated  winds  be 
D  ( T  ,  j )  ,  (i.e.  the  divergence  from  Equation  (3. 3-97)  with 
uRD(i.j)  =  vRD(''.i)  "*  °)  i  then  !t  is  required  that 
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f  both  u__and  v   contribute  equally  to  the  divergence  then 


uTO(l.J>  •"*■—-  A°(5»J)  (3.3-99) 
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and 


vRD(i,j)  =  -  i  £*-    AD(i,j)  (3.3-100) 


The  new  estimates  of  wind  components  are  now 
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Using  the  new  estimates  of  u1  and  v1  ,  another  alteration  is 
made  so  that  the  vorticity  derived  from  the  winds,  t   is 
consistent  with  the  interpolated  value,  £  giving 
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uRR(i'J}  = 
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By  applying  iteratively,  first  the  divergence  correction  to  the 
grid  followd  by  the  vorticlty  correction  procedure,  Endlich  found 
that  AD  and  A£  decrease  quite  rapidly  and  10  to  15  iterations 

-6       -i 

produced  residuals  of  the  order  of  10   sec. 
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Finally,  in  order  to  ensure  that  the  corrected  wind  field 
retains  the  average  wind  speed  of  the  interpolated  winds  over 
the  domain,  the  final  wind  components  are  adjusted  by  a  constant 
value  given  by 
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when  N  Is  the  number  of  grid  points  in  layer  k  . 

After  applying  this  procedure  to  all  layers,  the  derived  wind 

field  will  be  mass  consistent  and  have  the  vorticity  and 
divergence  distribution  determined  by  the  upper  air  analysis. 
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3.3.8.3   Calculation  of  Vertical  Velocities 

The  final  step  in  the  wind  field  analysis  is  the  calculation 
of  vertical  velocities  for  each  grid  point.  For  a  layer 
average, the  horizontal  divergence  (the  density  weighted 
average)  is  given  by 
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starting  at  the  surface,  w  ■  o  ,  the  vertical  velocity  at 
each  grid  point  can  be  calculated  for  all  layers  from 
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3. A       Wind  Field  Analysis  For  the  Mesoscale  Model 
3.4.1     Objectives  and  Overview 

In  Sections  3-2  and  3-3  all  wind  field  analysis  has  been 

o 

carried  out  on  a  grid  with  a  horizontal  interval  of  1   in 

latitude  and  longtitude.  For  the  mesoscale  model  a  grid 
interval  of  0.1   is  to  be  used  so  that  the  spatial  variability 
of  the  winds  in  the  ABL  will  be  better  resolved.  For  the  long- 
range  model,  the  topographically  induced  horizontal  wind 
divergence  will  not  be  resolved  by  the  1   grid  interval  and 
topographic  effects  have  been  neglected.  For  the  mesoscale 
model,  topographic  effects  can  be  resolved  by  the  0.1  grid 
interval  and  the  induced  horizontal  wind  divergence  must  be 
included,  particularly  under  stable  conditions. 


Other  parameters  which  contribute  to  the  greater  variability  of 
surface  winds  on  the  mesoscale  are   surface  heat  flux  and 
roughness  changes  as  well  as  mesoscale  circulations  such  as 
land/water  thermal  circulations  and  urban  heat  islands.  These 
local  circulations  will  be  reflected  in  surface  wind  observations 
if  these  data  are  sufficiently  dense.  For  the  mesoscale  model, 
surface  wind  observations,  which  were  rejected  for  use  by  the 
long-range  model  as  not  being  regionally  representative  on  a 
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1  grid  interval,  will  be  used  to  refine  the  ABL  winds  on  the  0.1 
grid  interval  of  the  mesoscale  model. 


The  computational  scheme  for  computing  the  mesoscale  ABL  winds 

is  given  in  Figures  3-13  to  3.15.  The  upper  air  winds  which  are 

less  spatially  variable  than  the  ABL  winds  are  obtained  by 

interpolation  from  the  synoptic  scale  analysis  on  1  grid 
intervals.  If  for  a  specific  area,  more  detailed  upper  air 

information  is  available,  this  information  can  be  incorporated 

into  the  interpolation  scheme:  As  a  generality,  however,  it  is 

presently  assumed  that  no  further  upper  air  data  are  available. 

To  ensure  that  mesoscale  divergence  contributions  due  to  spatial 
changes  in  surface  heat  flux,  roughness  and  stability  and 
topography  are  reflected  in  the  final  analysis  of  surface  winds, 
it  is  necessary  to  adjust  the  upper  air  and  surface  geostrophic 
wind  components  to  give  a  mass  consistent  wind  field,  free  of 
surface  drag,  with  the  divergence  and  vorticity  prescribed  by 
the  upper  air  synoptic  scale  analysis.  The  mesoscale  perturbations 
of  the  divergence  are  then  added  to  the  wind  field. 
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DISTRIBUTION:  INCLUDE 
MESOSCALE  GRID  IN  LONG-RANGE 
ANALYSIS 


AGEOSTROPHIC  CORRECTION 
FACTORS 


1 


VARIATIONAL  TECHNIQUE 
TO  ADJUST  DIVERGENCE  TO 
SATISFY  PHYSICAL 
CONSTRAINTS 


I 


ADJUST  WIND  COMPONENTS 

IN  EACH  LAYER  TO  GIVE 

MASS  CONSISTENT,  FRICTIONLESS 

WIND  FIELD 


LAYER  AVERAGED  SURFACE 
GEOSTROPHIC  FLOW 


Fig.  3.13 
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INCORPORATION  OF  SURFACE  DRAG  AND 
TOPOGRAPHIC  PERTURBATIONS  INTO  WIND  FIELD 


MASS  CONSISTENT 
FRICT10NLESS  WIND 
FIELD,  LAYER  AVERAGED 
GEOSTROPHIC  FLOW  TO 
5  KM 


I 


ITERATIVE  CALCULATION  OF 
ABL  PROFILES  OF  WIND, 
TEMPERATURE,  MIXING  RATIO 
AND  STABILITY 


I 


SURFACE  HEAT  FLUX 
SURFACE  ROUGHNESS 


REDUCE  ALL  PARAMETERS  TO 
LAYER  AVERAGES 


I 


ABL  STABILITY 


NIGHT  HOURS:  INCLUDE 
NOCTURNAL  JET  IF  IT  IS 
DIAGNOSED  TO  BE  PRESENT 


I 


I 


TOPOGRAPHIC  WIND 
PERTURBATIONS 
(PERMANENT  FILE) 


INITIAL  WIND  FIELD 
ESTIMATE 


Fig.  3.14 
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INCORPORATION  OF  SURFACE  WIND  OBSERVATIONS 
INTO  WIND  FIELD  AND  COMPUTATION  OF  FINAL 

MASS  CONSISTENT  WINDS 


INITIAL  HIND  FIELD 
ESTIMATE 


I 


APPLY  CRESSMAN'S  TECHNIQUE  TO 
MODIFY  INITIAL  ESTIMATE  WIND 
FIELD  AND  SO  INCORPORATE 
OBSERVED  SURFACE  WIND  INFORMATION 
INTO  WIND  FIELD 


I 


SURFACE  WIND 
OBSERVATIONS 


CALCULATE  SURFACE 
LAYER  AVERAGE  WINDS 


CALCULATE  HORIZONTAL  WIND 
DIVERGENCE  AND  VERTICAL 
VELOCITY  FOR  EACH  LAYER  IN 
ABL  


I 


APPLY  VARIATIONAL  TECHNIQUE 
TO  MODIFY  DIVERGENCE  ESTIMATES 
IN  EACH  LAYER  SO  AS  TO  MATCH 
SYNOPTIC  SCALE  VERTICAL  MOTION 
AT  TOP  OF  ABL 


I 


ADJUST  LAYER  AVERAGE  WIND  COMPONENTS 
IN  ABL  TO  RENDER  WIND  FIELD  MASS 
CONSISTENT 


CALCULATE  VERTICAL  MOTION  AT  EACH 
GRID  POINT  


Fig.  3.15 
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The  vertical  resolution  of  the  mesoscale  model  is  similar  to 
that  of  the  long-range  model.  However,  on  the  mesoscale  grid,  the 
topography  must  be  incorporated  into  the  model  either  through  the 
use  of  a  terrain  following  co-ordinate  system  (McRae  et  al  ( 1 982) ) 
or  through  the  use  of  variable  layer  thicknesses  which  would 
allow  the  topography  to  penetrate  into  the  layers.  Since,  the 
diffusion  model  is  restricted  in  application  to  constant  layer 
thicknesses,  a  terrain  following  co-ordinate  system  wi  11  be  used. 

3-^.2     Interpolation  of  the  Upper  Air  Analysis  to  the 
Mesoscale  Grid 

Except  when  a  frontal  system  is  present,  the  variability  of  the 
flow  above  the  ABL  over  angular  distances  of  the  order  of  1   is 
far  less  than  that  in  the  ABL  .  Assuming  that  all  available  upper 
air  information  has  been  utilized  in  the  analysis  described  in 
Section  3-2  ,  the  interpolation  to  the  sub-grid  mesoscale  cannot 
further  enhance  the  information  on  the  mesoscale. 

Referring  to  Figure  3-13,  interpolation  to  the  0.1  mesoscale  grid 
of  the  upper  air  analysis  is  achieved  by  including  the  mesoscale 
sub-grid  in  the  isentropic  temporal  analysis  described  in  Section 
3.2.3  (Figure  3-6)  :  This  ensures  that  there  is  no  further 
filtering  of  information  in  the  reduction  to  the  mesoscale  grid. 


3  -  106 


For  periods  and  regions  where  the  meteorology  is  relatively  simple, 
a  straight-forward  second  order  interpolation  of  the 
upper  air  analysis  results  on  the  1   scale  to  the  0.1   scale  may 
yield  acceptable  accuracy.  However,  for  the  mesoscale  wind  field 
the  upper  air  analysis  must  in  any  case  be  carried  out  on  a 
larger  domain  before  interpolation  to  the  0.1   scale;  It  is 


The  horizontal  layer  averaged  divergence  estimates  are  then 
corrected  using  O'Brien's  variational  technique  (Section  3-2. 2. k) 


better  definition  of  land/water  boundaries.  It  is  therefore  not 
acceptable  to  merely  interpolate  the  ABL  winds  derived  on  the 
1   grid  interval  to  the  0.1   sub-grid.  Instead  it  is  necessary 
to  compute  the  ABL  profiles  at  each  mesoscale  grid  point. 


I 
I 
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therefore  preferred  to  use  the  former  method  and  to  include  the 

mesoscale  grid  as  a  sub-set  for  the  interpolation  described  in 

Section  3-2-3  (Figure  3-6)  •  In  this  manner,  layer  averaged  winds, 

temperature,  mixing  ratio,  vorticity  and  horizontal  divergence  *j 

on  the  mesoscale  grid  are   derived. 
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I 
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3-^-3     Divergence  in  ABL  V/inds  for  the  Mesoscale  Model 

The  mesoscale  grid  gives  far  higher  resolution  of  the  spatial 

distribution  of  surface  roughness,  type  and  heat  flux  as  well  as  ■ 


I 
I 
I 
I 
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On  a  synoptic  scale,  the  horizontal  wind  divergence  which  is 
derived  from  an  analysis  of  the  upper  air  flow,  will  be 
impressed  on  the  mesoscale  wind  field.  Mesoscale  perturbations 
of  the  ABL  winds  will  not  contribute  significantly  to  the 
regional  divergence  when  the  whole  mesoscale  domain  is  considered. 
On  the  mesoscale,  however,  spatial  changes  in  surface  roughness, 
type  and  heat  flux  as  well  as  topographic  effects  and  local 
circulations  will  cause  localized  perturbations  of  the  wind 
field  with  corresponding  departures  from  the  large  scale 
divergence.  Hence,  before  the  local  effects  are  considered,  the 
upper  air  geostrophic  flow,  and  surface  geostrophic  flow,  free 
of  surface  drag,  are  adjusted  to  have  the  divergence  prescribed 
by  the  upper  air  analysis. 

Referring  to  Figure  3- 1  3,  a  surface  geostrophic  wind  is  calculated, 
as  for  the  long-range  model,  from  the  surface  pressure  distribution 
and  850  mb  temperature  distribution  (Sections  3-3.2  and  3.3.6.3; 
Figure  3_7).  Again,  interpolation  of  surface  pressure  data  to  the 
mesoscale  grid  is  achieved  by  including  the  0.1   grid  as  a  sub-set 
for  the  interpolation  on  the  long-range  grid.  The  ageostrophic 
correction  factors  determined  in  Section  3-3.6.2  (Figure  3-11) 
are  also  interpolated  to  the  mesoscale  grid  and  the  corrected 
surface  geostrophic  wind  is  calcualted.  The  surface  geostrophic 
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flow  is  then  reduced  to  layer  averages  for  model  layers  below  850  mb  . 
In  the  absence  of  thermal  gradients,  the  surface  ge:os trophic  flow  will 
be  invariant  with  height. 

Using  a  linear  variation  of  divergence  from  850  mb  to  the  surface, 
the  geostrophic  wind  components  in  each  layer  are  adjusted  to 
render  the  wind  field  mass  consistent  with  prescribed  divergence 
as  described  in  Section  3 * 3 • 8  . 

Referring  to  Figure  3-1^  ,  boundary  layer  profiles  are  then 
calculated  at  each  grid  point  using  the  iterative  scheme  described 
in  Section  3-3.6  (Figure  3-9)  .  The  ABL  winds  calculated  in  this 
manner  will  reflect  mesoscale  perterbat ions  of  the  regional 
divergence  due  to  spatial  changes  in  surface  characteristics. 
During  the  night  hours,  if  a  nocturnal  jet  is  diagnosed  to  be 
present,  layer  averaged  winds  are  modeled  using  the  scheme 
described  in  Section  3.3-7.2  (Figure  3-T2)  .  The  ABL  winds  at  this 
stage  will  reflect  the  horizontal  wind  divergence  due  to  synoptic 
scale  effects  as  well  as  due  to  non-uniformities  of  surface  drag 
on  the  mesoscale. 


- 


I 
I 
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3.^.^     Topographically  Induced  Horizontal  Wind  Divergence 

For  the  mesoscale  model  a  terrain  following  vertical  co- 
ordinate is  defined  by 


P  ■ 


z(x,y)  -  h(x,y) 


(3.^.1) 


where  z(x,y)  is  the  MSL  height  and  h(x,y)  is  the  MSL  topographic 
height.  Before  the  topographic  height  can  be  determined,  the 
topography  must  be  smoothed  on  a  scale  which  is  consistent  with 
the  resolution  of  the  mesoscale  grid  so  that  gradients  and 
heights  are  representative  of  the  grid  interval. 

Simple  smoothing  algorithms  such  as  four-point  smoothing  can  be 
used,  however,  St  is  preferable  to  use  a  smoothing  technique 
which  filters  the  topography  by  excluding  only  those  frequencies 
higher  than  those  resolvable  by  the  grid.  This  can  be  achieved 
through  the  use  of  bi-cubic  splines  which  are  fit  to  the 
topographic  data  by  least  squares  (Ahlberg  et  al  (196?))  .  By  choosing 
the  'knot'  points  of  the  splines  to  coincide  with  the  grid,  a 
filtering  is  achieved  which  has  a  sharp  cut-off  at  wave  lenghts 
shorter  than  the  grid  interval.  Once  the  filtering  has  been 
done,  the  heights  and  gradients  determined  from  the  filtered 
surface  will  be  consistent  with  the  grid  resolution. 


I 
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Using  the  terrain  following  vertical  co-ordinate,  the  vertical 
air  velocity  is  given  by 

W  =  w  -  V.Vh  (3.^-2) 

where  w  is  the  vertical  motion  relative  to  MSI  .  The  second 
term  in  Equation  (3.^.2)  represents  the  vertical  motion  of 
the  co-ordinate  system  relative  to  MSL  .  Under  extremely  stable 
low  wind  speed  conditions,  w  ■+■  0  and 

-+ 
W  =  -V.Vh  (3. ^.3) 

under  unstable  low  wind  conditions,  the  flow  follows  the  terrain, 

m  ■  V.Vh  O.A.Ii) 

and  accordingly 


W  =  0 


The  interaction  between  topography  and  air  motion  is  therefore 
dependent  on  stability. 
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Anderson  {1971)  has  given  a  method  for  estimating  the  induced 
horizontal  wind  divergence  in  a  layer  average  wind  with  flow  between 
the  topography  and  an  elevated  material  surface  (such  as  an  inversion). 
Lui  et  al  (1980)  have  used  Anderson's  method  with  some  success  for 
perturbing  interpolated  wind  observations  with  topographically 
induced  divergence:  The  effects  of  stability  were  not  included 
in  thei  r  analys  i  s . 

For  the  presently  proposed  mesoscale  wind  field  model,  it  is 
proposed  to  adapt  Anderson's  technique  to  the  multi-level  mesoscale 
wind  field  and  to  incorporate  variable  stability. 

Using  for  the  moment,  a  conventional  MSI  based  vertical  co-ordinate, 
the  continuity  equation  may  be  written 


5u     3v_ 

8x     3y 


J_ 
Az 


f(z2)  "  w{zi) 


(3. A. 6) 


Anderson  chooses  Z2  >>  Zj  and  sets  w(z2)  ■  0 


giving 


VV  =  -  -jj-  V  Vh 


(3.4.7) 
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where  H  is  the  height  of  the  material  surface  and  V  Is  the 
layer  averaged  horizontal  wind  . 

Restricting  the  development  to  small  perturbations, 

V*U  (3.A.8) 

-*■ 
where  U  is  the  layer  averaged,  non-divergent  unperturbed 

wind  vector  giving 


n 


where  $'  is  the  potential  function  of  the  topographic  wind 
disturbance.  By  solving  this  linear  equation  for  separate  unit 
west  and  unit  south  unpertarbed  winds,  the  perturbation  of 
any  wind  vector  can  be  obtained  by  summation. 

For  the  present  mul ti- layered  meso-scale  model,  it  is  necessary 
to  quantify  the  topographically  induced  horizontal  wind  divergence 
in  each  vertical  layer.  Starting  from  Equation  [}.k.(>),    the 
vertical  velocity  may  be  parameterized  by 


. 
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w  =  w  e 
o 


-k(z-h) 


(3.4.10) 


where  w  is  the  vertical  motion  for  z  -   h 
o 


or 


w  =  U«Vh 
o 


(3.4.11) 


substituting  in  Equation  (3-4.6)  gives 

r- 


vv   = 


U»vh 
Ap 


•kpj 


■kp] 


(3.4.12) 


The  constant  k,  depends  on  atmospheric  stability.  For  k-»-o  ,  the 
flow  follows  the  terrain,  V  =  o  and  V  =  U  .  For  very  stable 
flow,  k  is  large  and  from  Equation  (3-4.10),  the  vertical  motion 
is  rapidly  damped  with  increasing  height  above  the  terrain.  For 
the  lowest  layer 


VV  = 


l>Vh 

Ap 


e'kp2  -  1 


(3-4.13) 


and  the  flow  disturbance  is  large.  The  dependence  of  k  on  stability 
must  be  determined  from  observations. 
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In  terrain  following  co-ordinates 


W  =  V«Vh 


,-*>., 


(3.k.\k) 


and  the  terrain  induced  divergence  ts  given  by  Equation  (3-^.12) 
which  can  be  solved  very  efficiently  using  the  ADI  method  of 
Peaceman  and  Rachford  (1955)  (Schol tz  and  Brouckaert  (1978  ))  . 
Since  the  equation  is  linear,  the  perturbation  for  any  unperturbed 
vector  may  be  obtained  by  summation  of  two  unit  solutions  as  for 
Anderson's  technique.  The  unit  solution  needs  be  carried  out 
only  once  for  a  particular  topographic  region. 


The  topographic  perturbation  model  is  implemented  as  shown  in 
Figure  3.1**  by  noting  that  the  regional  divergence  of  the 
unperturbed  A8L  winds  is  small  compared  to  the  locally  induced 
divergence  due  to  topography.  The  vector  U  is  given  by  the  local 
unperturbed  ABL  wind  and  the  layer  averaged  divergence  is 
calculated  from  Equation  (3.^.12)  .  The  components  of  the 
perturbed  veloc  i  ty  are   given  by 

u  =  U  cos  6  +  u' 

v  =  U  sin  6  +  v' 

where  u'  and  v'  are  the  solution  of  Equation  (3.^.12)  . 


(3.^.15) 
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3.^.5     Incorporation  of  Surface  Wind  Observations  into 
The  Mesoscale  Wind  Field  Model 

Incorporating  the  surface  wind  observations  into  the  wind  field 
is  not  merely  a  problem  of  reconciling  the  model  with  observation: 
In  areas  where  the  surface  observations  are  not  greatly  influenced 
by  local  circulations,  the  deviations  of  the  model  from  observation 
would  be  attributed  to  short  comings  in  the  model  as  well  as  the 
inherent  noise  component  of  wind  observations  especially  when 
short  averaging  times  or  no  averaging  is  used.  On  the  other  hand, 
in  some  areas,  the  surface  wind  observations  will  contain  information 
regarding  local  circulations  and  other  mesoscale  perturbations 
which  are  not  included  in  the  model;  Again  this  information  is 
corrupted  by  a  noise  component.  Hence,  it  would  not  be  correct  to 
accept  the  surface  wind  observations  as  fixed  points  of  reference 
for  adjustment  of  the  modeled  wind  field. 

Cressman  (I960),  has  proposed  a  technique  for  incorporating 
observational  data  into  a  field  of  initial  estimates.  This 
technique  has  gained  acceptance  and  is  currently  used  by  the 
Atmospheric  Environment  Service  of  Environment  Canada  for  in- 
corporating surface  meteorological  data  into  prognostic  model 
results.  The  Cressman  technique  recognizes  the  uncertainties  in 
a  single  observation  without  rejecting  consistent  departures 
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of  the  model  results  from  observation.  The  success  of  the  method 
depends  on  the  density  of  observations  and  in  data  sparse  areas, 
the  incorporation  of  surface  wind  observations  into  the  wind 
field  model  may  serve  to  corrupt  rather  than  refine  the  wind 
field  estimate. 

Using  the  wind  field  derived  in  Section  3.^-^  as  a  starting  estimate, 
deviations  of  the  model  result  from  observation  at  each  observing 
station  are  calculated.  Simple  interpolation  to  the  reporting 
station  from  gridded  model  results  is  used.  Considering  a 
particular  grid  point,  a  weighting  factor  is  calculated 


U  —   - 

q2  +  d2 


W  >  0 


(3.A.D 


where  q  is  the  radius  of  influence  and  d  is  the  distance  from 
the  observation.  The  adjustment  to  be  made  to  the  grid  point 
model  result  is  given  by 


C  = 


N 

I   W.  E. 

i       i 


(3. A. 2) 


where  E  is  the  deviation  at  the  observing  station  and  N  is 

the  number  of  observations  within  distance  q  of  the  grid  point. 
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By  repeatedly  correcting  the  initial  wind  field  estimate  using 
successively  smaller  values  of  q  ,  a  spectrum  of  scales  of 
information  contained  in  the  observations  is  incorporated  into 
the  wind  field.  The  smallest  value  of  q  which  is  usable  is 
determined  by  N  which  should  not  be  less  than  3  or  k   depending 
on  the  averaging  time  and  reliability  of  the  data.  If  the 
density  of  observations  is  high,  then  a  great  deal  of  observational 
information  may  be  incorporated  into  the  wind  field  model  using 
this  technique.  If  the  density  is  low,  then  at  the  best,  an 
averaged  regional  correction  to  the  modeled  wind  field  will  result, 

In  applying  the  Cressman  technique  to  the  mesoscale  wind  field, 
(See  Figure  3-15)  the  surface  wind  observations  must  be 
converted  to  surface  layer  averaged  winds  using  the  appropriate 
stability  and  surface  characteristics  from  Section  3.3.6  .  Only 
the  surface  layer  is  adjusted  using  surface  wind  observations: 
The  adjustments  in  other  layers  is  determined  with  the  constraint 
that  the  pertubation  introduced  at  the  surface  vanishes  at  the 
top  of  the  ABL  . 

3. A. 6     Rendering  the  Mesoscale  Wind  Field  Mass  Consistent 

As  an  intermediate  step,  the  geostrophic  wind  field,  before  the 
introduction  of  surface  drag  and  ABL  modifications,  was  adjusted 
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to  satisfy  the  continuity  equation  (Figure  3.13) •  The 
horizontal  divergence  of  this  drag-free  flow  was  determined  from 
the  upper-air  analysis.  With  the  inclusion  of  surface  drag, 
topography  and  surface  wind  observations,  the  distribution  of 
divergence  in  the  ABL  has  been  modified;  At  the  top  of  the 
boundary  layer  these  divergence  perturbations  should  reduce 
to  zero  leaving  the  residual  synoptic  scale  divergence  and 
vertical  motion  at  the  top  of  the  ABL  :  The  computational 
scheme  for  achieving  this  is  included  in  Figure  3-15  . 

In  Section  3.4.2  ,  vertical  motion  for  the  unperturbed 
geostrophic  flow  is  determined  in  using  O'Briens  technique 
(Figure  3-13)  •  The  condition  to  be  satisfied  in  the  ABL 
through  the  adjustment  of  wind  components,  is  that  the  vertical 
motion  at  the  top  of  the  ABL  match  that  determined  in  Section  3-^-2 
This  is  achieved  by  computing  the  horizontal  wind  divergence  for 
each  layer  in  the  ABL  and  then  using  O'Brien's  technique  to 
match  the  vertical  motion  at  the  boundary  layer  top  leaving 
the  surface  layer  divergence  unchanged.  The  wind 
components  in  each  layer  of  the  ABL  are  adjusted  to  conform  to 
the  corrected  divergence  giving  a  mass  consistent  wind  field. 
Finally,  the  vertical  motion  at  each  grid  point  is  computed. 
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